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CHAPTER 1 
INTRODUCTION 





Section I. GENERAL 


1. Purpose 


This manual is a guide for field radio personnel in the employ- 
ment of radio communication equipment under tactical conditions. 


2. Scope 


a. This manual covers the fundamentals of radio communica- 
tion, power supplies, radio-wave propagation and antennas, 
operating techniques under normal field conditions, operating 
techniques under unusual conditions, communication security, and 
maintenance procedure. 


b. This manual contains five appendixes and a glossary of radio 
terms. Appendix I is a list of reference publications and training 
films; appendix II, Half-Wave Antenna Lengths; appendix ІП, 
Types of Emission; appendix IV, Joint Electronics Type Designa- 
tion System; and appendix V, Technical and Tactical Considera- 
tions in Field Radio Communications. 

c. The information presented in this manual is applicable with- 
out modification to both nuclear and nonnuclear warfare. 


3. Comments and Recommendations 


Users of this publication are encouraged to submit comments 
or recommended changes for the improvement of the manual. 
Comments should be keyed to the page, paragraph, and line of the 
text to which they apply. Reasons for the comments should be 
included to insure complete understanding and proper evaluation. 
Comments should be forwarded to the Commandant, United 
States Army Signal Center and School, ATTN: Training Litera- 
ture Division, Fort Monmouth, N.J. 


4. Equipment References 


Department of the Army Pamphlet (DA Pam) 310-4 is the 
index of military publications on military equipments. Each com- 
munications officer should check this index periodically to deter- 
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mine if any changes or revisions have been made to the literature 
covering his equipment. 


Section 11. EMPLOYMENT OF RADIO COMMUNICATIONS 


5. General 


a. Radio is the principal means of communication in many 
tactical units. It is used for command, fire control, exchange of 
information, administration, and liaison between and within units 
(fig. 1). It is also used for communication between aircraft in 
flight, and between aircraft and ground units. 


b. Radio communication is particularly adaptable to rapidly 
changing situations. Communication with highly mobile unts, such 
as ships, aircraft, and tanks, would be extremely difficult if radio 
communications were not available. 


с. Radio is essential for communication over large bodies of 
water, over territory controlled by enemy forces, and over terrain 
Where construction of wire lines is impossible or impractical. 


6. Capabilities and Limitations 
a. Capabilities, 

(1) Radio communication facilities usually can be installed 
more quickly than wire communication facilities; there- 
fore, radio is used extensively as a primary means of 
communication during the initial stages of combat opera- 
tions and during fast-moving tactical situations. 

Once installed in a vehicle, radio equipment is ready for 

use and does not require reinstallation. 

Radio is mobile. It can be used readily by aerial, amphib- 

ious, vehicular, and dismounted units. 

(4) Radio lends itself to many modes of operation, such as 
voice, radiotelephone, radiotelegraph, radio teletype- 
writer (RATT), visual presentations, and transmission 
and reception of digital data. 

(5) Natural obstacles, minefields, and terrain under enemy 
control or fire do not limit radio to the same extent that 
they limit other means of communication. In radio com- 
munications, except where a remote capability is em- 
ployed, no wire is used between the point where 
information originates and the point to which informa- 
tion is sent, Instead, the connecting link takes the form 
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(2 


= 


(3 


м2 


4 АСО 50938 





I-I-BI-v2WS .. 
f P 


* 
“3, 


"oppas fo зиоцооц4іт рә] “І дабы 


AGO 5093B 


(6) Through the use of remote control equipment, a radio 
operator may be located at some distance from the set 
he operates. This provides security for the operator, the 
radio station, and the command post (CP) served by 
the radio station. 


b. Limitations. 

(1) Radio is subject to equipment breakdown, to inter- 
ference from atmospheric conditions, and to interference 
from other electronic devices. Also, it is relatively easy 
to jam. 

(2) To be capable of operating together, radios must have 
common or at least some overlapping frequencies, must 
transmit and receive the same type signal, and must be 
located within operating range. 

(3) Radio is the least secure means of communication, and 
it must be assumed that interception occurs every time 
a transmitter is placed in operation. The enemy obtains 
information merely by knowing that radios are operat- 
ing. His analysis of the number of radios in operation, 
the volume of traffic, or the location is particularly valu- 
able as intelligence. 


7. Tactical Application 


The extent to which radio is used in combat operations depends 
on the requirements for secrecy and surprise as balanced against 
the urgency for radio communication. When surprise is im- 
Portant, radio operation is limited initially to those units already 
in contact with the enemy. In some instances, to increase decep- 
tion and surprise, the operation of dummy stations may be di- 
rected by higher commanders. When a unit is moving into an 
area just prior to attack, it may be directed to maintain listening 
silence until the attack is launched. When a unit is already oc- 
cupying a sector from which it is to launch an attack, and its 
radio stations are in operation, it may be directed to maintain 
normal radio operations without substantial change in traffic load 
until the attack is launched. If a unit is moved to another sector 
or is relieved by another unit, it may be required to provide 
dummy radio stations to continue operations until the attack is 
fully under way. Once the attack is launched, special restrictions 
on radio operations are generally removed. 
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CHAPTER 2 
FUNDAMENTALS OF RADIO COMMUNICATION 





Section |. ELEMENTS OF TRANSMISSION AND RECEPTION 


8. Radio Equipment 


A radio set consists essentially of a transmitter that generates 
radio frequency (RF) energy; a source of electrical power; a 
key, microphone, or teletypewriter, that controls these energy 
waves; a transmitting antenna that radiates RF waves; a receiv- 
ing antenna that intercepts some of the radiated RF waves; a 
source of electrical power; a receiver that converts intercepted 
RF waves into usable energy (usually audio frequency (AF) 
energy); and a loudspeaker, headphones, or teletypewriter pro- 
vide intelligibility. When the frequency coverage of two sets is 
similar, when they have the same modulation, and the distance 
between them does not exceed the range of the equipment, two- 
way communication using electromagnetic (radio) waves is pos- 
sible. Figure 2 is a block diagram of a basic radio set. 


9. Radio Transmitter 


The simplest radio transmitter (fig. 3) consists of a power 
supply and an oscillator. The power supply can be batteries, a 
generator, an alternating-current (AC) power source, including 


DD TRANSMITTER 
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Figure 2. Block diagram of basic radio set. 
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a rectifier and filter or a direct-current (DC) rotating power 
source. The oscillator, which generates RF alternating current, 
must contain a tuned circuit to tune the transmitter to the desired 
operating frequency. The transmitter must also have some device 
for controlling the generated RF energy. The simplest device 
is a telegraph key, which is merely a type of switch for controll- 
ing the flow of electric current. When the key is operated, the 
oscillator is turned on and off for varying lengths of time to 
form dots and dashes of RF energy. 


10. Continuous-Wave Transmitter 


Since the RF power generated by an oscillator is normally 
neither stable enough nor great enough to provide reliable trans- 
mission over long distances, an RF amplifier (fig. 4) is added 
after the oscillator to develop a more stable and higher power 
output. If only code transmission is desired, this type transmitter 
is entirely satisfactory. 


OSCILLATOR 
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Figure 3. Block diagram of a simple radio transmitter. 
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Figure 4. Block diagram of oscillator-amplifier CW transmitter. 
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11. Radiotelephone Transmitter 


To transmit messages by voice, it is necessary to have some 
means of controlling the output of the transmitter in accordance 
with the voice frequencies (audio frequencies). This is accom- 
plished by a modulator, which changes the output of the trans- 
mitter in accordance with the voice frequencies; this process is 
known as modulation and an RF wave affected in this manner is 
called a modulated wave. When the modulating signal causes the 
amplitude of the radio wave to change, the process is called ampli- 
tude modulation (AM). When the modulating signal varies the 
frequency of the radio wave, the process is called frequency 
modulation (FM). In figure 5, a modulator and a microphone are 
added to the radiotelegraph transmitter to change it to an ampli- 
tude-modulated radiotelephone transmitter. 


12. Antennas 


After an RF signal has been generated and amplified in the 
transmitter, a means must be provided to radiate this RF energy 
into space. At the same time, a means must be provided at the 
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Figure 5. Block diagram of radiotelephone transmitter. 
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receiver location to intercept (pick up) the signal. The device that 
fulfills these requirements is called an antenna. The transmitting 
antenna sends transmitter signal energy out into space; this 
energy, radiated in the form of electromagnetic waves, is inter- 
cepted by a receiving antenna. If the receiver is tuned to the same 
frequency as the transmitter, the signal will be received and 
intelligible information made available. 


13. Radio Receiver 


a. Detector (Demodulator). There are two general kinds of RF 
signals that can be received by a radio receiver: modulated RF 
signals that carry speech, music, or other audio energy, and con- 
tinuous wave (CW) signals that are bursts of RF energy con- 
veying intelligence by means of code (dot) signals. The process 
whereby the intelligence carried by an RF signal is extracted is 
called detection or demodulation. The circuit used to accomplish 
this is called a detector (fig. 6), since it actually detects the in- 
coming intelligence. The receiver must have some means of tuning 
in, or selecting, the frequency of the desired RF signal. This selec- 
tive action is necessary to avoid the detection of many RF signals 
of different frequencies at the same time. That part of the de- 
tector which is used to tune in the desired signal is called a 
tuned circuit. In FM radio receivers, the detector is known as а 
discriminator, 


b. RF Amplifier. Because an RF signal diminishes in strength 
or amplitude at a very rapid rate after it leaves the transmitting 
antenna and because many RF signals of various frequencies are 
crowded into the radio frequency spectrum, a detector is not used 
alone. An RF amplifier (fig. 7) is included in the receiver to in- 
crease the sensitivity (ability to receive weak signals) and the 
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Figure 6. Block diagram of simple radio receiver. 
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Figure 7. Block diagram of detector and RF amplifier. 


selectivity (ability to separate signals of different radio frequen- 
cies). The RF amplifier is provided with one or more tuned cir- 
cuits so that the desired RF signal (the one to which it is tuned) 
is amplified more than RF signals of other frequencies. 


c. AF Amplifier. The power output of a detector, with or with- 
out an RF amplifier, is generally too little to be useful. One or 
more AF amplifiers (fig. 8) therefore are added to the receiver 
to increase the AF power to a level that will operate headphones, 
a loudspeaker, or teletypewriter equipment. 


RF AF 
AMPLIFIER =e AMPLIFIER 


ЕМ24-18-І-8 
Figure 8. Block diagram of complete radio receiver. 
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Section Il. RADIO WAVES 


14. General 


Radio waves travel near the surface of the earth and also radi- 
ate skyward at various angles to the earth's surface (fig. 9). 
These electromagnetic waves travel through space at the speed 
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VERTICAL ANTENNA 
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Figure 9. Radiation of radio waves from a vertical antenna. 


of light, approximately 186,000 miles (300,000 kilometers (KM)) 
per second. 


15. Wavelength 


. The length of a radio wave is the distance traveled by the wave 
In the period of time required to complete опе cycle. Each com- 
plete cycle of 2 alternations of the wave (fig. 10) is 1 wavelength 
and is expressed in meters. This wavelength may be measured 
from the start of one wave to the start of the next wave, or from 
the crest of one wave to the crest of the next wave. In either case 
the distance is the same. 


WAVELENGTH 
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Figure 10. Wavelength of a radio wave. 
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16. Frequency 


a. The frequency of a radio wave is the number of complete 
cycles that occur in one second. The longer the time of one cycle, 
the longer the wavelength and the lower the frequency. The 
shorter the time of one cycle, the shorter the wavelength and the 
higher the frequency. Figure 11 compares the wavelength of a 
2-MC wave with that of а 10-MC wave. 


5. Since the frequency of a radio wave is very great, it is ex- 
pressed in kilocycles per second (KC) or megacycles per second 
(MC). One KC is equal to 1,000 cycles per second, and 1 MC is 
equal to 1,000,000 cycles per second. 


с. For practical purposes, the velocity of a radio wave is con- 
sidered to be constant, regardless of the frequency or the ampli- 
tude of the transmitted wave. Therefore, to find the wavelength 
when the frequency is known, divide the velocity by the fre- 
quency. 

300,000,000 (meters per second) 


frequency (cycles per second) 
300,000 


frequency (KC) 
300 


frequency (MC) 


Wavelength (in meters) = 
(free space) 





d. To find the frequency when the wavelength is known, divide 
the velocity by the wavelength. 
frequency 300,000,000 


(cycles per second 
) wavelength (meters) 
300,000 


wavelength (meters) 
300 


wavelength (meters) 








frequency (KC) 





frequency (MC) 


17. Frequency Bands 


Most tactical radio sets operate within the 1.5 MC to 400 MC 
portion of the frequency spectrum. Radio frequencies are divided 
into groups or bands of frequencies for convenience of study and 
reference. The frequency bands of the radio spectrum are shown 
in the following chart. 
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Frequency (MC) 









Very low frequencies (VLF)-------------------------- Below .03 

Low frequency (LF)........... 03 to .3 

Medium frequency (MF) 3 to 3.0 

High frequency (HF’)_--------.-.-.------------------ 3.0 to 30 

Very high frequency (VHF) ~-..---------------------- 30 to 300 
Ultrahigh frequency (ОНЕ)-------------------------- 300 to 3,000 
Superhigh frequency (5НЕ)-..----------------------- 3,000 to 30,000 
Extremely high frequency (ЕНЕ)--------------------- 30,000 to 300,000 






18. Characteristics of Frequency Bands 


The data in the chart below, which are approximate under 
normal operating conditions, indicate that each frequency band 
has certain transmission characteristics. The exact characteristic 
depends upon the condition of the propagation medium, the trans- 
mitter power output, and many other factors. 






500 to 8000 
100 to 1500 


835 to 12,872] above 50 
161 to 2415 | 5 to 50 
100 to 8000 161 to 12,872] .5 to Б 
^50 to 150 ^83.5 to 241 |.5 or less 
И eats ИОВА .D or less 












а Troposcatter or ionospheric scatter provides this range. 
b Troposentter or ionospheric scatter requires this power range. 


Section Ш. METHODS OF TRANSMISSION 
19. General 


a. The radio communication equipment in lower echelon units 
is used primarily to transmit intelligence in the form of speech or 
telegraphic code. 


b. When audio-frequency vibrations (speech or telegraphic 
code) activate the ear drum, the effect on the human nervous Sys- 
tem is called sound. This form of acoustical energy travels 
through the air at a velocity of approximately 1,100 feet per 
second. 


с. Although sound can be converted to audio-frequency elec- 
trical energy, it is not practical to transmit it in this energy 
form through the earth's atmosphere by electromagnetic radia- 
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tion. For example, efficient transmission of a 20-cycle audio signal 
would require an antenna almost 5,000 miles long. 


d. None of the above limitations apply when radio-frequency 
electrical energy is used to carry the intelligence. Tremendous 
distances can be covered; efficient antennas for radio frequencies 
are of practical lengths; antenna power losses are at reasonable 
levels; many channels, each carrying information, can be used; 
and selectivity of information is possible. 


20. Modulation 


а. Since the carrier wave (fig. 12) itself does not convey intelli- 
gence, information in the form of a signal wave is superimposed 
upon the carrier. This process, which is called modulation, varies 
or modifies either the frequency or the amplitude of the carrier 
waveform. Both amplitude modulation and frequency modulation 
methods are used in military radio communication systems. 


b. When AF signals are superimposed on the RF carrier, addi- 
tional RF signals are generated. The additional frequencies are 
equal to the sum and difference of the audio frequencies and the 
radio frequency involved. For example, assume that a 1000-KC 
carrier is modulated by a 1 KC audio tone. Two new radio fre- 
quencies are developed, one at 1001 KC (the sum of 1000 and 
1 KC) and the other at 999 KC (the difference between 1000 and 
1 KC). If a complex audio signal is used instead of a single tone, 
two new frequencies will be set up for each of the audio fre- 
quencies involved. The new frequencies are called sidebands. 


21. Amplitude Modulation (AM) 


Amplitude modulation is defined as the variation of the RF 
Power output of a transmitter at an audio rate. In other words, 
the RF energy increases and decreases in power according to 
the audio (sound) frequencies. In very simple terms, amplitude 
modulation is the process of varying the power output of a trans- 
mitter (fig, 12). 


a. When an RF carrier is modulated by a single audio tone, 
two additional frequencies are produced. One is the upper fre- 
quency, which equals the sum of the frequency of the RF carrier 
and the frequency of the audio note. The other is the lower fre- 
quency, which equals the difference between the frequency of the 
RF carrier and the frequency of the audio note. The one higher 
than the carrier frequency is the upper side frequency; the one 
lower than the carrier frequency is the lower side frequency. 
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A. CARRIER 





B. SIGNAL 


C. AMPLITUDE MODULATED WAVE 


D. FREQUENCY MODULATED WAVE 
FM24-18-1-12 


Figure 12. Wave shapes. 


b. When the modulating signal is made up of complex tones, as 
in speech, each individual frequency component cf the modulating 
signal produces its own upper and lower side frequencies. These 
side frequencies occupy a band of frequencies called side bands. 
The side band that contains the sum of the carrier and modulat- 
ing frequencies is called the upper side band; the side band that 
contains the difference of the carrier and the modulating fre- 
quencies is called the lciwer side band. 


c. The space that a carrier and its associated side bands occupy 
in a frequency spectrum is called a channel. In amplitude modu- 
lation, the width of the channel (bandwidth) is equal to twice 
the highest modulating frequency. Consequently, if a 5,000-KC 
carrier is modulated by a band of frequencies ranging from 200 
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to 5,000 cycles (.2 to 5 KC), the upper side band extends from 
5,000.2 to 5,005 KC, and the lower side band extends from 4,999.8 
to 4,995 KC. The bandwidth is then 10 KC, which is twice the 
highest modulating frequency (5 KC). 


4. The intelligence of an amplitude-modulated signal exists 
solely in the side bands, the amplitude of which vary according 
to the strength of the modulating signal. 


e. Amplitude modulation generally is used by radiotelephone 
transmitters operating in the medium and high frequency por- 
tions of the spectrum. 


22. Frequency Modulation (FM) 


Frequency modulation is the process of varying the frequency 
(fig. 12) of the carrier wave. 


a. In a frequency-modulated wave, the frequency varies in- 
stantaneously about the unmodulated carrier frequency in pro- 
portion to the amplitude of the modulating signal. When the 
modulating signal increases in amplitude, the instantaneous fre- 
quency increases; when the modulating signal decreases, the 
frequency decreases, 


b. In an FM wave, the amplitude of the modulating signal de- 
termines the extent of departure of the instantaneous frequency 
from the center, or rest, frequency. Thus, the instantaneous fre- 
quency can be made to deviate as much as desired from the car- 
rier frequency by changing the amplitude of the modulating 
signal. This deviation frequency may be as high as several hun- 
dred kilocycles, even though the modulation frequency is only a 
few kilocycles. The side-band pairs generated by frequency modu- 
lation are not restricted, as in amplitude modulation, to the sum 
and difference between the highest mcdulating frequency and the 
carrier. 


c. The first pair of side-band pairs in an FM signal are those 
of the carrier frequency plus and minus the modulating fre- 
quency. Additional side-band pairs will appear at each multiple of 
the modulating frequency. For example, if a carrier of 1 MC 1S 
frequency modulated by an audio signal of 10 KC, there will be 
several side-band pairs, spaced equally on either side of the car- 
rier frequency at 990 KC and 1,010 KC, at 980 KC and 1,020 KC, 
at 970 KC and 1,090 KC, and so оп. As a result, a frequency- 
modulated signal occupies a greater bandwidth than does an 
amplitude-modulated signal. 

d. As indicated above, the FM wave consists of a center or саг- 
rier frequency and a number of side-band pairs. When modulation 
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is applied, and the amplitude of the modulating signal is in- 
creased, power is taken from the center-frequency component 
and ferced into the side-band pairs. 


о. The FM signal leaving the transmitting antenna is constant 
in amplitude, but varying in frequency according to the audio- 
modulating signal. Аз the signal travels between the transmitting 
and receiving antennas, however, it is combined with natural and 
manmade noises that cause amplitude variations in the signal. All 
of these undesirable amplitude variations are amplified as the 
signal passes through successive stages of the receiver until the 
signal reaches the limiter stage. 


f. The limiter eliminates amplitude variations and passes the 
FM signal on to the discriminator, which is sensitive to variations 
in the frequency of an RF wave. The resultant constant-ampli- 
tude, frequency-modulated signal then is processed by the dis- 
criminator circuit, which transforms the frequency variations of 
the signal into corresponding voltage amplitude variations. These 
voltage variations reprcduce the original modulating signal in a 
reproducing device, such as a headset, loudspeaker, or teletype- 
writer. 

g. Frequency modulation generally is used by radiotelephone 
transmitters operating in the VHF and higher frequency bands. 


23. Single Sideband 


а. Only one of the two sidebands that are part of an amplitude- 
modulated signal appear in the spectrum of a single sideband 
(SSB) signal. Figure 13 shows the theoretical distribution cf 
power in an AM signal. Figure 14 shows that a single sideband 
transmitter with the same power capability filters one sideband, 
suppresses the carrier, and makes the filtered sideband power and 
the suppressed carrier power available to increase the transmitted 
power of the remaining sideband. 


b. Because an SSB signal is produced through a mixing opera- 
tion, both sum and difference frequencies are developed. Both 
these upper sideband frequencies and lower sideband frequencies 
ccntain the same modulating intelligence; the choice of sideband 
transmitted depends on the characteristics of the sideband filter 
employed. Transmission of one sideband leaves open that portion 
of the RF spectrum normally occupied by the other sideband of an 
AM signal. For further information on SSB, refer to TM 11-685. 


24. Radiotelegraphy 
a. Radiotelegraph information can be transmitted by starting 
and stopping the carrier wave means of a switch, or key. The 
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Figure 14. Power distribution т an AM signal. 


individual letters and numbers of a message are indicated by 
combining short and long pulses (dots and dashes) in groups 
according to the radiotelegraph code. For example, if the operator 
Wishes to send the letter A in code (fig. 15), he closes the key for 
a fraction of a second, opens it for the same length of time, then 
closes it again for a period three times the length cf the first. 
This process of transmitting information, called radiotelegraphy 
or continuous wave transmission, is illustrated by the waveforms 
in figure 15. ` 


b. Radiotelegraph information can also be transmitted by using 
à tone-modulated wave. In tone transmission, the carrier is modu- 
lated at a fixed audio rate between 500 and 1,000 cycles per second. 
Because tone emission is broad, it may be used successfully 
against some types of jamming. Also, the broad signal is an easy 
target for radio direction-finders. The distance range of a tone- 
modulated transmitter is less than that of a CW transmitter of 
the same power output, 
AGO 5093B 
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Figure 14. Single sideband transmission. 
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Figure 15. CW signal. 


c. Manual radiotelegraph transmission has limited traffic- 
handling capacity. Consequently, its use is confined to lower 
echelons of the army, where the traffic load is light. It may also 
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be used in isolated or remote locations, if other means of commu- 
cation are not available. 


(1) Radiotelegraph communications can often be used whe) 
other types of radio communication fail because 0 
atmospheric conditions or interferences. 


(2) Radiotelegraph transmitters have a greater нее 
range than radiotelephone transmitters of the same en 
put power because the power containing the intelliger 
is concentrated in a much narrower bandwidth. 


nuo . а {е 
(8) Within а given frequency band, it is possible. a ads 
without interference many more radiotelegt aph 
mitters than radiotelephone transmitters. 


25. Radiotelephony 


а. A microphone of a radiotelephone set converts voice or En 
Waves (fig. 16) to weak electrical impulses. These диши, pli- 
Strengthened by passing them through a series of sire Ba 
fiers and then through a modulator. The modulator provi e re 
audio power necessary to modulate the RF amplifier. At the pa 
ceiver, the modulated RF is demodulated, allowing only the pes d- 
component of the incoming signal to be reproduced by a 
Speaker or headset. 


А . А * com- 
b. Radiotelephone transmission is used extensively fo! 


icati : à о 
munication with highly mobile combat units, where ас 
transmission is essential, It is used for person-to-person со 


Where security is not a limiting factor. 
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Figure 16, Examples of voice-sound waves. 
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26. Radio Teletypewriter 


а. Radio teletypewriter transmission is possible over distances 
of up to several thousand miles. This type of transmission is 
often used by higher echelons in rapidly changing tactical situa- 
tions where time does not permit the installation of wire facilities, 
and in areas where traffic loads are heavy and radio circuits are 
reliable. It is also of great value between points that are not 


easily connected by wire lines, such as those separated by large 
bodies of water or jungle areas. 


b. The teletypewriter itself consists of a transmitting keyboard 
and a receiving and printing mechanism. The depression of a 
key releases the transmitting mechanism and sends a series of 
electrical impulses over a radio channel to a receiving device. 
This device translates the impulses into a mechanical action so 
that the printer may select and print the proper character. Each 
key sends a different arrangement of pulses (fig. 17), and the 
message may be printed in page form, or on a tape. The teletype- 
writer keyboard contains the letters of the alphabet, and punctua- 
tion marks (fig. 17). The machines will also perform the 


functions of carriage return, line feed, letter shift, figure shift, 
and space. 


c. In the special signaling code used for teletypewriter trans- 
mission, each character or signal is of uniform length and con- 
sists of five intervals of time. The units are equal in length and 
are known as either marking or spacing impulses in the circuit. 
A marking impulse (mark) exists when current flows in the 
circuit and the selector magnets in the receiving printers are 
operated. A spacing impulse (space) is the open condition in 
the circuit when selector magnets in the receiving printers are 
not operated. Various combinations of marking and spacing im- 


pulses are used for different letters in the alphabet, numerals, 
and functions. 


d. In the most commonly used method of operation, the tele- 
typewriter signals key a radio transmitter which, in turn, radi- 
ates on one frequency for the marking condition and on a slightly 
different frequency for the spacing condition. This type of opera- 
tion, which is a form of frequency modulation, is called frequency 
shift keying (FSK). The radio receiver converts the two fre- 
quencies, which are 850 cycles apart, back into teletypewriter 
pulses. The pulses then cause the receiving teletypewriter to 
operate. The striking of a key on the transmitting teletypewriter 
will, therefore, activate the corresponding character on the re- 
ceiving teletypewriter. 
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CHAPTER 3 
POWER SOURCES 





27. General 


The power required to operate radio equipment may come from 
a variety of sources, such as commercial power, dry batteries, 
storage batteries, engine-driven generators, and rectifiers. Each 
type has certain advantages and certain limitations. Depending 
upon the application involved, these sources of power may be 
used individually or in combinations. 


28. Commercial Power 


Various values of alternating-current (AC) and direct-current 
(DC) voltages can be obtained from commercial power lines and 
used as primary power sources. The AC voltage sources range 
from the standard 115-volt, single-phase power source to the 
2,300-volt, three-phase power used for industrial purposes. The 
primary DC voltage sources range from 32 to 440 volts. Power 
supplies designed for AC operation must not be connected to a 
DC source, since this will damage the power transformer. Also, 
equipment designed exclusively for a DC source will not operate 
on AC power. 


29. Power Converters 


Because of the wide variation in commercial power in various 
parts of the world, and because of the special power requirements 
of certain types of communication equipment, it is frequently 
necessary to make changes in the available power. It may be 
desired to convert AC to DC, or DC to AC. It may be necessary 
to provide 60-cycle current from a 25-cycle power source, step 
the voltage up or down, or convert single-phase power to multi- 
phase power. Vibrators, dynamotors, rotary converters, motor 
generators, or transformers may be used singly or in combina- 
tion to effect these changes. The choice of equipment depends on 
the desired result and the amount of power to be handled. 
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a. Transformers. Most AC devices for communication systems 
are designed to operate at 50 to 60 CPS from a 115- or 230-volt 
power source. In many areas, however, the available voltage is 
unsuitable for the operation of such equipment. Therefore, power 
transformers are used to increase or decrease the AC input volt- 
age to the values required. 


b. Vibrators. Vibrators are used in vehicular power units to 
convert direct current from a low-voltage power source, such as a 
6-, 12-, or 24-volt storage battery, into alternating current that 
can be rectified to provide the higher DC potentials required by 
radio equipment. Vibrators convert the low DC voltages to pul- 
sating voltages that can then be stepped up to higher voltages by 
applying them to special step-up power transformers. 


с. Dynamotors. Dynamotors are rotating machines used to con- 
vert DC voltage of one value (6, 12, or 24 volts) to DC voltage 
of another value (several hundred or more volts). 


d. Rotary Converters. Rotary converters are synchronous ma- 
chines that convert AC of one voltage and frequency to AC of 
another voltage and frequency. They may also be used to convert 
AC to DC and DC to AC. The machine that converts DC to AC 
is known as an inverted converter or inverter. 


e. Motor Generator. The function of the motor generator is 
similar to that of a rotary converter. 


30. Dry Batteries 


Dry batteries are especially adapted for use where small 
amounts of power are needed and portability is required. Nor- 
mally they are used to supply power for field telephones, portable 
radio transmitters and receivers, power alarm circuits and 
emergency signal lights, and portable test equipment. They are 
produced in various sizes and shapes, and in several capacities 
and voltages, to accommodate this wide range of uses. 


31. Lead Storage Batteries 


Lead storage batteries provide a compact source of DC for op- 
eration of transportable (tactical) telephone exchanges and 
various radio transmitters and receivers. They are also used in 
vehicular ignition systems. In addition, they furnish primary 
power to crank gasoline and diesel engines on engine-generator 
sets up to 50 KW. 
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32. Engine-Driven Generator Units 


DC engine-driven generators have output capacities of from 
0.4 to 15.0 KW. AC engine-driven generators have output capaci- 
ties of from 0.3 to 1,000 KW. In addition, there are certain spe- 
cial purpose generators that provide both AC and DC output. 
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CHAPTER 4 
PROPAGATION OF RADIO WAVES 





33. The Atmosphere 


Wave propagation deals with the properties and the nature of 
the atmosphere through which radio waves must travel from the 
transmitting antenna to the receiving antenna. The atmosphere 
is not uniform, but varies with the altitude, geographic location, 
time of day or night, season, and year. A knowledge of the com- 
position and properties of the atmosphere aids in the solution of 
problems that arise in planning radio communication paths and in 
predicting the reliability of communications. 


a. Troposphere. The troposphere is that portion of the earth’s 
atmosphere extending from the surface of the earth to heights of 
approximately 614 miles (10 KM). Within the troposphere, the 
bending of radio waves by refraction causes the radio horizon 
to exceed the optical horizon. Tropospheric refraction (reflection 
caused by sudden changes in the characteristics of air in a lower 
atmosphere) affect the received signal at distances. beyond the 
radio horizon. 


b. Stratosphere. The stratosphere is that portion of the earth’s 
atmosphere lying between the troposphere and ionosphere, about 
614 miles to 30 miles (10 to 48 KM) above the earth. The tem- 
perature in this region is nearly constant. 

c. Ionosphere. The ionosphere is that portion of the earth’s 
atmosphere above the lowest level at which ionization (splitting 
of molecules into positive and negative charges, or ions) of low- 
pressure gasses will affect the transmission of radio waves. It 
extends from about 30 to 250 miles (48 to 402 KM) above the 
earth. The ionosphere is composed of several distinct layers in 
which ionization occurs at different levels and intensities. 


34. Propagation in the Atmosphere 


There are two principal paths by which radio waves can travel 
from a transmitter to a receiver. One is by ground waves (fig. 
18), which travel directly from the transmitter to the receiver. 
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The other is by sky waves (fig. 18), which travel up to the iono- 
sphere and are bent downward, or refracted, back to the earth. 
Long-distance radio transmission is achieved principally by the 
use of sky waves. Short-distance and all UHF and upper VHF 
transmissions are by means of ground waves. Some forms of 
transmission make use of combinations of both paths. 


a, Ground-wave propagation is affected by the electrical charac- 
teristics of the earth and by the amount of diffraction, or bend- 
ing, of the wave around the curvature of the earth. These charac- 
teristics vary in different localities, but they are relatively con- 
stant with respect to time and the season. 


b. Sky-wave propagation is variable, since the constantly 
changing state of the ionosphere has a definite effect on the re- 
fraction of the waves. 


35. Ground-Wave Propagation 


Ground-wave propagation refers to those types of radio trans- 
mission that do not make use of waves that have been refracted 


IONOSPHERE 


GROUND WAVE 





— SKIP ZONE 


SKIP DISTANCE 


ЕМ24-18-1-16 
Figure 18. Radio wave components. 
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from the ionosphere. The field intensity of ground waves depends 
on the transmitter power, the characteristics of the transmitting 
antenna, the frequency of the waves, the diffraction of the waves 
around the curvature of the earth, the electrical characteristics 
(conductivity and dielectric constant) of the local terrain, the 
nature of the transmission path, and local weather conditions. 
The following are the components of a ground wave: 


a. Direct Wave. The direct wave is that component of the en- 
tire wave front that travels directly from the transmitting an- 
tenna to the receiving antenna (fig. 19). This component is limited 
to the line-of-sight distance between the transmitting and receiv- 
ing antennas, plus the small distance added by atmospheric re- 
fraction and diffraction of the wave around the curvature of the 
earth. This distance can be extended by increasing the height of 
either the transmitting antenna or the receiving antenna (or 
both). 


b. Ground-Reflected Wave. The ground-reflected wave (fig. 19), 
is the portion of the radiated wave that reaches the receiving 
antenna after being reflected from the surface of the earth. When 
both the transmitting and receiving antennas are on or close to 
the ground, the direct and ground-reflected components of the 
ground wave tend to cancel each other. 

c. Surface Wave. The surface wave (fig. 19), which follows the 
curvature of the earth, is the component of the ground wave that 
is affected by the conductivity and dielectric constant of the 
earth. 


36. The lonosphere 
There are four distinct layers of the ionosphere. In the order 
of increasing heights and intensities, they are called the D, E, 






DIRECT WAVE 







SURFACE 
WAVE 


Figure 19. Possible routes for ground waves. 
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КІ, and F2 layers. The relative distribution of these layers is 
shown in figure 20. As may be seen in the illustration, the four 
layers are present only during the day when the rays of the sun 
are directed toward that portion of the atmosphere. During the 
night, the F1 and F2 layers seem to merge into a single F layer, 
and the D and E layers fade out. The actual number of layers, 
their heights above the earth, and the relative intensity of ioniza- 
tion present in them vary from hour to hour, from day to day, 
from month to month, from season to season, and from year to 
year. 

a. D Region. The D region exists only during daylight hours 
and has little effect in bending the paths of high-frequency radio 
waves. The main effect of the D region is to attenuate, or de- 
crease, the intensity of high-frequency waves when the trans- 
mission path lies in sunlit regions. 


b. Е Region. The E region is used during the day for high-fre- 
quency radio transmission over intermediate distances (less than 
approximately 1,500 miles (2400 KM)). The intensity of this 
layer decreases during the night, however, and it becomes useless 
for radio transmission. 

c. F Layer. The F layer exists at heights up to 240 miles (380 
KM) above the surface of the earth and is ionized at all hours 
of the day and night. There are two well-defined layers during the 
day and one during the night, At night the F layer lies at a 
height of about 170 miles (260 KM) and is useful for long-range 
radio communication (over 1,500 miles (2400 KM)). 


d. F1 «nd F2 Layers. During the day the F region splits up 
into two distinct layers, the F1 layer and the F2 layer. The F2 
layer is the most useful of all layers for long-range radio commu- 
nication, even though the degree of ionization varies appreciably 
from day to day as compared with other layers. 


37. lonosphere Characteristics 


a. Critical Frequency. The range of long-distance radio trans- 
mission is determined primarily by the ionization density of each 
of the layers. The higher the frequency, the greater the density 
of ionization required to refract radio waves back to earth. The 
upper (E and F) layers refract the higher frequencies because 
they are the most highly ionized. The D layer, which is the least 
ionized, does not refract frequencies above approximately 500 
KC. Thus, at any given time and for each ionized layer, there is 
an upper frequency limit at which waves sent vertically upward 
are reflected directly back to earth. This limit is called the critical 
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The ionosphere is broken 
up into several layers or 
regions. 











By daylight, they take these 
positions: 






^^^ Fw24-I8-1-I8 
Figure 20. Average layer distribution of the ionosphere. 


frequency. Waves directed vertically at frequencies higher than 
the critical frequency pass through the ionized layer out into 
Space. All waves directed to the ionosphere at frequencies lower 
than the critical frequency are refracted back to the earth. 


b. Critical Angle. Radio waves used in communication generally 
are directed to the ionosphere at some oblique angle, called the 
angle of incidence. Waves at frequencies above the critical fre- 
quency wil be returned if propagated at angles of incidence 
lower than the critical angle. At the critical angle, and at all 
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angles larger than the critical angle, the wave will pass through 
the ionosphere if the frequency is higher than the critical fre- 
quency. As the angle becomes smaller, an angle is reached at 
which the wave is bent back to the earth by refraction. The dis- 
tance between the transmitting antenna and the point at which 
the wave first returns is called the skip distance (fig. 21). 


38. Variations of the lonosphere 


The movements of the earth around the sun and changes in 
the sun’s activity contribute to ionospheric variations. There are 
two main classifications of these variations: regular variations 
that are predictable, and irregular variations resulting from ab- 
normal behavior of the sun. 


a. Regular Variations. The regular variations may be divided 
into four classes: the daily, or diurnal, caused by the rotation of : 
the earth; the seasonal, caused by the north and south progression 
of the sun; the 27 day, caused by the rctation of the sun on its 
axis; and the 11 year, which is the average period during which 
sunspot activity varies from maximum to minimum and back to 
maximum. 


b. Irregular Variations. The transient (momentary) iono- 
spheric variations, though unpredictable, have important effects 
on radio propagation, Some of these effects are: 

(1) Sporadic E. When it is excessively ionized, the E layer 
often completely blanks out the reflections from the 
higher layers. This effect may occur during the day 
or at night. 

(2) Sudden ionospheric disturbance. A sudden ionospheric 

disturbance (SID) coincides with a bright solar erup- 
tion and causes abnormal ionization of the D layer. This 
effect causes total absorption of all frequencies above 
1 МС. It occurs without warning during the day and 
may last from a few minutes to several hours. When 
SID occurs, receivers seem to go dead. 
Ionosphere storms. These storms may last from several 
hours to several days, and usually extend over the en- 
tire earth. During these storms, sky wave transmission 
above approximately 1.5 MC shows low intensity and 
is subject to a type of rapid blasting and fading called 
flutter fading. 


(3 


— 


39. Sky Wave Propagation 


a. Sky Wave Transmission Paths. Sky wave propagation re- 
fers to those types of radio transmission that depend on the 


34 AGO 5093B 


ionosphere to provide signal paths between transmitters and 
receivers. Some of the possible paths radio waves can take from 
a transmitter to a receiver, using the ionosphere, are shown in 
figure 21. 


b. Skip Zone. There is an area, called the skip zone, in which 
no usable signal can be received from a given transmitter operat- 
ing at a given frequency. This area is bounded by the outer edge 
of usable ground-wave propagation and the point nearest the an- 
tenna at which the sky wave returns to earth—the skip distance. 
The skip zone and its relation to the ground wave are shown in 
figure 22. When the skip distance is within the range of the 
ground wave, there is no skip zone. In this case, both the sky 
wave and the ground wave may arrive at the antenna with 
nearly the same field intensity but a random relative phase. When 
this occurs, the sky-wave component alternately reinforces and 
cancels the ground-wave component, causing severe blasting (dur- 
ing reinforcement) and fading (during cancellation) of the sig- 
nal. For each frequency (greater than the critical frequency) at 
which refraction from an ionosphere layer takes place, there is a 
skip distance that depends only on the frequency and the state 
of ionization. The skip zone, on the other hand, depends on the 
extent of the ground-wave range, and disappears completely if 
the ground-wave range exceeds the skip distance. 


c. Sky Wave Paths. When a transmitted wave is refracted back 
to the surface of the earth, part of its energy is absorbed by the 
earth. The remainder of its energy is reflected back into the 
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Figure 22. Skip zone. 
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ionosphere to be refracted again at a still greater distance from 
the transmitter. This means of travel in hops (fig. 23) by alter- 
nate refractions from the ionosphere and reflections from the 
earth may continue and enable radio waves to be received at 
great distances from the transmitter. Transmission is by a single- 
hop path when the radio wave reaches the receiving antenna after 
only one refraction from the ionosphere; and by a double-hop or 
ітіріс-һор path when two or three refractions from the ionosphere 
are required. 


40. Maximum Usable Frequency 


a. Using a given ionized layer and a transmitting antenna with 
a fixed angle of radiation, there is a maximum frequency at 
which a wave will return to earth at a given distance. This fre- 
quency is called the maximum usable frequency (MUF), which 
is the monthly median of the daily highest frequency that is pre- 
dicted for sky-wave transmission over a particular path at a par- 
ticular hour of the day. It is always higher than the critical 
frequency, because the angle of incidence is less than 90 degrees. 
If the distance between the transmitter and the receiver is in- 
creased, the maximum usable frequency also will increase. 


b. The maximum usable frequency usually is the most im- 
portant factor to be considered when selecting the operating fre- 
quency for long-distance communication. If the operating 
frequency is above the MUF for a desired distance, communica- 
tion is impossible and the wave will pass through the ionosphere 
into space or return to earth at a greater distance than is desired. 
Variations in the ion density of the ionosphere layers occur from 
day to day and from hour to hour. Predictions on which the 
МОЕ’; are based are made by averaging long-range observations, 
and do not take into account these day-to-day fluctuations. There- 
fore, the actual upper-limiting frequency must be selected at a 
value which will insure against the probability of the operating 
frequency becoming greater than the MUF for any particular 
day. For the F2 layer, the optimum working frequency is se- 
lected at approximately 85 per cent of the МОЕ for that par- 
ticular path. This new frequency is called the optimum traffic 
frequency (FOT) and has a predicted reliability of 90 per cent. 
The predicted reliability of the F2 MUF is 50 per cent. The FOT 
for the combined E-F layer may be taken as the path MUF, since 
the day-to-day variations in the E-layer ionization are small. 


41. Lowest Useful Frequency 


Radio waves lose some of their energy through absorption by 
the D region and the lower portion of the E region of the iono- 
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sphere at certain transmission frequencies. The total absorption 
is less and communication is more satisfactory as higher fre- 
quencies are used—up to the value of MUF. Absorption is at a 
maximum for frequencies ranging from approximately 500 KC 
to 2 MC during the day, but decreases at night at all frequencies. 
As the frequency for transmission over any given sky-wave path 
is increased, a value will be reached at which the received signal 
just overrides the level of atmospheric and other radio noises. 
This is called the lowest useful frequency (LUF), because fre- 
quencies lower than the LUF are too weak for useful communi- 
cation. It should be noted, however, that the LUF depends on the 
power of the transmitter as well as on the transmission distance. 
When the value of LUF exceeds the value of MUF, no sky-wave 
transmission is possible at that frequency for that distance. 


42. Fading 


a. One common cause of fading is the result of interaction of 
two parts of the same radio wave (fig. 24). At a certain distance 
from the transmitter, both the ground wave and the sky wave 
may be received. Since these waves travel different paths, it is 
possible that they may arrive out of phase with each other. When 
this happens, the two waves tend to cancel each other at the 
meeting point. 





FM24-18-1-22 
Figure 24, Р ading caused by combination of ground and sky waves. 
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b. Another common cause of fading is the interaction of the 
components of a single sky wave. In this case, the various com- 
ponents will reach the receiver with varying phase differences, 
resulting in a continuously varying signal. 


с. Violent changes in the ionosphere, known as ionosphere 
storms, may also cause severe fading, especially of frequencies 
higher than 1,500 KC. These disturbances are caused by vigorous 
sunspot activity and may last as long as several weeks. 


а. The most common method of overcoming objectionable fad- 
ing is to increase the power of the transmitter. The use of auto- 
matic gain control in the receiver will compensate for minor 
changes in signal intensity. Another method used to overcome 
fading is called diversity reception. In this case, two or more re- 
ceiving antennas are spaced some distance apart, both feeding 
into the same receiver. Thus, if fading occurs in one antenna, 
the other may still receive a strong signal. 


43. Effect of Frequency on Wave Propagation 


a. At low frequencies (30 to 300 KC), the ground wave is ex- 
tremely useful for communication over great distances. The 
ground-wave signals are quite stable and show little seasonal 
variation. 

b. In the medium-frequency band (300 to 3000 KC), the range 
of the ground wave varies from about 15 miles (24 KM) at 3000 
KC to about 400 miles (640 KM) at the lower frequencies of the 
band. Sky-wave reception is possible during day or night at any 
of the lower frequencies in this band. At night, the sky wave 
gives reception at distances up to 8,000 miles (12,870 KM). 


c. In the high-frequency band (3 to 30 MC), the range of the 
ground wave decreases with an increase in frequency and the 
sky waves are greatly influenced by ionospheric considerations. 


d. In the very-high-frequency band. (30 to 300 MC), there is 
no usable ground wave and only slight refraction of sky waves 
by the ionosphere at the lower frequencies. The direct wave pro- 
vides communication if the transmitting and receiving antennas 
are elevated sufficiently above the surface of the earth. Because 
of sporadic conditions in the ionosphere, transmission over any 
great range is unpredictable and is possible only for short periods 
of time. 


e. In the ultra-high-frequency band (300 to 3000 MC), the 
direct wave must be used for all radio transmissions. Communi- 
cation is limited to a short distance beyond the horizon. Lack of 
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static and fading in these bands makes line-of-sight reception very 
satisfactory. Highly directive antennas can be built into small 
spaces to concentrate RF energy into a narrow beam, thus in- 
creasing the signal intensity. 
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CHAPTER 5 
ANTENNAS 


Section І. INTRODUCTION 
44. General 


In a radio communication system (fig. 25), radio-frequency 
energy is generated by a radio transmitter and fed to a transmit- 
ting antenna by means of a transmission line. The antenna radi- 
ates this energy into space at approximately the speed of light. A 
receiving antenna absorbs part of this energy and sends it to the 
receiving equipment through another transmission line. 


45. Functions of Antennas 


The function of a transmitting antenna is to convert the out- 
put power delivered by a radio transmitter into an electromag- 
netic field that is radiated through space. As such, the 
transmitiing antenna converts energy having one form to energy 
having another form. The receiving antenna makes the energy 
conversion in the opposite direction. The function of the receiving 
antenna is to convert the electromagnetic field that sweeps by it 
into energy that is delivered to a radio receiver. In transmission, 
the antenna operates as the load for the transmitter; in recep- 
tion, it operates as the signal source for the receiver. 


46. Antenna Gain 


The gain of an antenna depends primarily on its design. Trans- 
mitting antennas are designed for high efficiency in radiating 
energy, and receiving antennas are designed for the efficient 
pickup of energy. On some radio circuits, transmission is required 
between a transmitter and only one receiving station. In such 
cases, it is desirable to radiate as much energy as possible in one 
direction, since radiated energy is useful only in that direction. 
Directional characteristics in a receiving antenna increase the 
energy pickup or gain in the favored direction and reduce the 
reception of unwanted noise and signals from other directions. 
The general requirements for transmitting and receiving anten- 
nas are that they have small energy losses and that they be ef- 
ficient as radiators and receptors. 
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47. Radiation 


a. When power is delivered to an antenna, two fields are set 
up by the fluctuating energy: one is the induction field, which is 
associated with the stored energy; the other is the radiation 
field, which moves out into space at nearly the speed of light. At 
the antenna, the intensities of these fields are high and are pro- 
portional to the amount of power delivered to the antenna. At a 
short distance from the antenna, and beyond, only the radiation 
field remains. This radiation field is composed of an electric com- 
ponent and a magnetic component, 


b. The electric and magnetic fields (components) radiated from 
an antenna form the electromagnetic field, and this field is respon- 
sible for the transmission and reception of electromagnetic energy 
through free space. Thus, the radio wave may be described as 
a moving electromagnetic field, having velocity in the direction 
of travel, and with components of electric intensity and magnetic 
intensity arranged at right angles to each other (fig. 26). 


48. Antenna Radiation Patterns 


a. The energy of radio signals radiated by an antenna forms 
an electromagnetic field having a definite pattern, depending on 
the type of antenna used. This radiation pattern is used to show 
both range and directional characteristics of an antenna. A ver- 
tical antenna theoretically radiates energy equally in all direc- 
tions. In practice, however, the pattern is usually distorted by 
nearby obstructions or terrain features. га 


b. The full- or solid-radiation pattern is a 3-dimensional figure 
that looks somewhat like a doughnut, with a transmitting antenna 
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Figure 26. Components of electromagnetic waves. 
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in the center (fig. 27). The top pattern in the figure is that of а 
quarter-wave vertical antenna; the bottom pattern is that of a 
half-wave horizontal antenna, 14-wavelength above the ground. 
The general method of illustrating a radiation pattern, however, 
is by cross section of the full pattern, showing only one particular 
plane (fig. 28). The top pattern of the figure is that of a half- 
wave horizontal antenna, 14-wavelength above the ground; the 
bottom pattern is that of a half-wave horizontal antenna, '4- 
wavelength above the ground. 


QUARTER WAVE ANTENNA 


HALF WAVE ANTENNA 
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Figure 27, Solid radiation patterns from quarter-wave and half-wave 
antennas. 
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Figure 28. Cross-sectional representation of radiation pattern in one plane. 


49. Polarization 


а. Polarization of a radiated wave is determined by the direc- 
tion of the lines of force making up the electric field. If the lines 
of electric force are at right angles to the surface of the earth, 
the wave is said to be vertically polarized (fig. 29). If the lines of 
electric force are parallel to the surface of the earth, the wave is 
said to be horizontally polarized (fig. 30). 


b. When a single-wire antenna is used to extract energy from 
a passing radio wave, maximum pickup results if the antenna is 
so oriented that it lies in the same direction as the electric-field 
component, Thus, a vertical antenna is used for efficient reception 
of vertically polarized waves and a horizontal antenna is used for 
the reception of horizontally polarized waves. In some cases, the 
field rotates as the waves travels through space. Under these 
conditions, both horizontal and vertical components of the field 
exist and the wave is said to have elliptical polarization. 


50. Polarization Requirements for Various Frequencies 


a. At medium and low frequencies, ground-wave transmission 
is used extensively and it is necessary to use vertical polarization. 
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Figure 99. Vertically polarized signal. 


Vertical lines of force are perpendicular to the ground, and the 
radio wave can travel a considerable distance along the ground 
Surface with a minimum amount of attenuation (loss). Because 
the earth acts as a fairly good conductor at low frequencies, hori- 
zontal lines of electric force are shorted out and the useful range 
With horizontal polarization is limited. 


me At high frequencies, with sky-wave transmission, it makes 
itle difference whether horizontal or vertical polarization is 
used, The sky wave, after being reflected by the ionosphere, ar- 
the: at the receiving antenna elliptically polarized. Therefore, 
e ransmitting and receiving antennas can be mounted either 
lorizontally or vertically. Horizontal antennas are preferred, 
however, since they can be made to radiate effectively at high 
angles and have inherent directional properties. 

с. With frequencies in the very-high or ultra-high range, either 
horizontal or vertical polarization is satisfactory. Since the radio 
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Figure 30. Horizontally polarized signal. 


wave travels directly from the transmitting antenna to the re- 
ceiving antenna, the original polarization produced at the trans- 
mitting antenna is maintained throughout the travel of the wave 
to the receiving antenna. Therefore, if a horizontal half-wave 
antenna is used for transmitting, a horizontal antenna must be 
used for receiving. If a vertical half-wave antenna is used for 
transmitting, a vertical antenna must be used for receiving. 


51. Advantages of Vertical Polarization 


а. Simple, vertical, half-wave antennas can be used to provide 
omnidirectional (in all directions) communication. This is ad- 
vantageous when it is desired to communicate with a moving 
vehicle. 


b. When antenna heights are limited to 10 feet or less over 
land, as in a vehicular installation, vertical polarization provides 
a stronger received signal at frequencies up to about 50 MC. 
From approximately 50 to 100 MC there is only a slight improve- 
ment over horizontal polarization with antennas at the same 
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height. Above 100 MC the difference in signal strength is 
negligible. 


с. Radiation using vertical polarization is somewhat less af- 
fected by reflections from aircraft flying over the transmission 
path. With horizontal polarizaticn, such reflections cause varia- 
tions in received signal strength. This factor is important in areas 
where aircraft traffic is heavy. 


4. When vertical polarization is used, less interference is pro- 
duced or picked up because of strong VHF and UHF broadcast 
transmission and reception (television and frequency modula- 
tion), all of which use horizontal polarization. This factor is im- 
portant when an antenna must be located in an urban area that 
has television or FM broadcast stations. 


52. Advantages of Horizontal Polarization 


а. A simple horizontal half-wave antenna is bidirectional. This 
characteristic is useful if it is desired to minimize interference 
from certain directions. 


b. Horizontal antennas are less apt to pick up man-made inter- 
ference, which ordinarily is polarized vertically. 


с. When antennas are located near dense forests, horizontally 
polarized waves suffer lower losses than vertically polarized 
waves, especially above about 100 MC. 


d. Small changes in antenna location do not cause large varia- 
tions in the field intensity of horizontally polarized waves when 
antennas are located among trees or buildings. When vertical 
polarization is used, a change of only a few feet in the antenna 
location may have a considerable effect on the received signal 
strength. 


e. When simple half-wave antennas are used, the transmission 
line, usually vertical, is less affected by a horizontally mounted 
antenna. By keeping the antenna at right angles to the transmis- 
sion line and using horizontal polarization, the line is kept out 
of the direct field of the antenna. As a result, the radiation pat- 
tern and electrical characteristics of the antenna are practically 
unaffected by the presence of the vertical transmission line. 


53. Receiving Antennas 


а. Vertical receiving antennas accept radio signals equally 
from all horizontal directions, just as vertical transmitting an- 
tennas radiate equally in all horizontal directions. Because of this 
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characteristic, other stations operating on the same or adjacent 
frequencies may interfere with the desired signal and make re- 
ception difficult or impossible. However, reception of a desired 
signal can be improved by using directional antennas. 


b. Horizontal half-wave antennas accept radio signals from all 
directions other than the two directions in direct line with the 
ends of the antenna. Thus, when only one signal is causing inter- 
ference, or when several interfering signals are coming from the 
same direction, interference can be eliminated or reduced by 
changing the antenna installation so that either end of the an- 
tenna points directly at the interfering station. 


54. Directivity 


Communication over a radio circuit is satisfactory when the 
received signal is strong enough to override undesired signals and 
noise. In other words, the receiver must be within range of the 
transmitter. Communication effectiveness can be increased be- 
tween two radio stations by increasing the transmitting power, 
changing the type of emission (for example, changing from radio- 
telephone to CW), changing to a frequency that is not readily 
absorbed, or using a more directional antenna. In point-to-point 
communication, it is usually more economical to increase the di- 
rectivity of the antenna system. Directional transmitting an- 
tennas concentrate radiation in a given direction and minimize 
radiation in other directions. A directional antenna may also be 
used to lessen interception by the enemy and interference with 
friendly stations. 


Section Il. ANTENNA PERFORMANCE 
55. General 


a. Since all practical antennas are erected over the earth and 
not out in free space, the presence of the ground may alter com- 
pletely the free space radiation pattern of the antenna, and the 
ground will also have an effect on some of the electrical charac- 
teristics of the antenna. 


b. In general, the ground has the greatest effect on those an- 
tennas that must be mounted fairly close to it in terms of wave- 
length. For example, medium- and high-frequency antennas ele- 
vated above the ground by only a fraction of a wavelength will 
have radiation patterns that are quite different from the free- 
space patterns. 
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56. Grounded Antenna 


a. The ground is a fairly good conductor for medium and low 
frequencies and acts as a large mirror for the radiated energy. 
This results in the ground reflecting a large amount of energy 
that is radiated downward from an antenna mounted over it. 


b. Utilizing this characteristic of the ground, an antenna only 
a quarter-wavelength long can be made into the equivalent of 
a half-wave antenna. If such an antenna is erected vertically and 
its lower end is connected electrically to the ground (fig. 31), the 
quarter-wave antenna behaves like a half-wave antenna. Under 
these conditions, the ground takes the place of the missing 
quarter-wavelength, and the reflections supply that part of the 
radiated energy that normally would be supplied by the lower 
half of an ungrounded half-wave antenna, 


57. Types of Grounds 


a. When grounded antennas are used, it is especially important 
that the ground have as high a conductivity as possible. This will 
reduce ground losses and provide the best possible reflecting 
Surface for the down-going radiated energy from the antenna. 
At low and medium frequencies, the ground acts as a sufficiently 
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Figure 31. Quarter-wave antenna connected to ground. 
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good conductor and the ground connection must be made in such 
a way as to introduce the least possible amount of resistance in 
the ground connection. At higher frequencies, artificial grounds 
constructed of large metal surfaces are common. 


b. The ground connection takes many forms, depending on the 
type of installation and the loss that can be tolerated. In many 
simple field installations, the ground connection is made by means 
of one or more metal rods driven into the earth. Where more 
satisfactory arrangements cannot be made, it may be possible to 
make ground connections to existing devices which are themselves 
grounded. Metal structures or underground pipe systems com- 
monly are used as ground connections. In an emergency, a ground 
connection can be made by plunging one or more bayonets into 
the earth. 


c. When an antenna must be erected over soil having a very 
low conductivity, it is advisable to treat the soil directly to re- 
duce its resistance. The soil may be mixed with a quantity of 
coal dust for this purpose; it can also be treated with substances 
that are highly conductive when in solution. Some of these sub- 
stances, listed in order of preference, are sodium chloride (com- 
mon salt), caleium chloride, copper sulphate (blue vitriol), 
magnesium sulphate (Epsom salt) and potassium nitrate (salt- 
peter). The amount required depends on the type of soil and its 
moisture content. 


Warning: When these substances are used, it is important that 
they do not get into nearby drinking water supplies. 


d. For simple installations, a single ground rod can be fabri- 
cated in the field from pipe or conduit. It is important that a low 
resistance connection be made between the ground wire and the 
ground rod. The rod should be cleaned thoroughly by scraping 
and sandpapering at the point where the connection is to be made, 
and a clean ground clamp should be installed. A ground wire can 
then be soldered or joined to the clamp. This joint should be 
covered with tape to prevent an increase in resistance because 
of oxidation. 


58. Counterpoise 


a. When an actual ground connection cannot be used because 
of the high resistance of the soil or because a large buried ground 
system is not practicable, a counterpoise may replace the usual 
direct ground connection in which current actually flows to and 
from the antenna through the ground itself. The counterpoise 
(fig. 32) consists of a structure made of wire, which is erected 
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a short distance off the ground and insulated from the ground. 
The size of the counterpoise should be at least equal to the pre- 
ferably larger than the size of the antenna. 


b. When the antenna is mounted vertically, the counterpoise 
should be made into a simple geometric pattern such as those 
shown in figure 32, Perfect symmetry is not required, but the 
counterpoise should extend for equal distances in all directions 
from the antenna, 


c. In some VHF antenna installations on vehicles, the metal 
roof of the vehicle is used as a counterpoise for the antenna, 


4. Small counterpoises of metal mesh are sometimes used with 
special VHF antennas that must be located a considerable dis- 
tance above the ground. This counterpoise provides an artificial 
ground that helps to produce the required radiation pattern. 


59. Ground Screen 


a. A ground screen consists of a fairly large area of metal 
mesh or screen that is laid on the surface of the ground under the 
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Figure 89. Wire counterpoises. 
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antenna. Its purpose is to simulate to some extent the effect of 
a perfect conducting ground under the antenna. 


b. There are two specific advantages that can be gained 
thrcugh use of a ground screen. First, the ground screen reduces 
ground absorption losses that occur when an antenna is erected 
over imperfectly conducting ground. And second, the height of 
the antenna can be set accurately. As a result of this, the radia- 
tion resistance of the antenna can be determined and the radia- 
tion patterns of the antenna can be predicted more accurately 
(TM 11-666). 


Section ІІІ. TYPES OF ANTENNAS 
60. General 


a. There are many shapes and sizes of antennas used for radio 
transmission, and several different electrical types of antennas. 
Some of the factors that determine the type, size, and shape of 
the transmitting antenna to be used are the— 

(1) Operating frequency of the transmitter. 
(2) Amount of power to be radiated. 

(3) General direction of the distant receiving set. 
(4) Polarization desired. 

(5) Use for which the antenna is required. 

b. Several types of transmitting antennas are shown in fig- 
ure 33. 

(1) A is a long-wire nonresonant antenna that is used in 
large fixed-station installations. 

(2) B is a half-wave Hertz antenna that is fed by a resonant 
(tuned) feeder line from the transmitter. 

(3) C is an end-fed, vertical, modified Marconi antenna, 
also called a whip antenna. 

(4) D is a loop antenna that radiates a strong signal in some 
directions and almost no signal in other directions. 

(5) E is a Marconi antenna. 

(6) F is a half-wave Hertz antenna that is fed by a non- 
resonant (untuned) feeder line from the transmitter. 


(T) G is a fixed-station radiator that may be hundreds of 
feet high. 


c. Most practical transmitting antennas come under one of two 
classifications, Hertz antennas or Marconi antennas. A Hertz an- 
tenna is operated some distance above the ground, and may be 
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Figure 33. Types of transmitting antennas. 


either vertical or horizontal. A Marconi antenna operates with 
one end grounded (usually through the output of the transmitter 
or the coupling coil at the end of the feed line). Hertz antennas 
are generally used at higher frequencies (above about 2 MC), 
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while Marconi antennas are generally used at lower frequencies. 
Marconi antennas, when used on vehicles or aircraft, operate at 
high frequencies; in these cases, the aircraft or vehicle chassis 
becomes the effective ground for the antenna. 


61. Hertz Antenna 


a, The operation of the Hertz antenna is based on the fact that 
the wavelength to which any wire will tune depends directly upon 
its length. The radiator is thus self-tuned and no ground or other 
conducting plane is necessary. Consequently, the Hertz antenna 
can be placed where it is less disturbed by the effects of grounded 
objects, such as buildings and shrubbery. 


b. The basic Hertz antenna is a single wire with a length equal 
to approximately one-half of the wavelength of the signal to be 
transmitted. This type of antenna, which is also known as a 
doublet, dipole, ungrounded, or half-wave antenna, can be 
mounted in a vertical, horizontal, or slanting position. 


с. Two typical military half-wave center-fed Hertz antennas are 
shown in figures 34 and 35. These antennas are used for the 
transmission and reception of radio signals between 1.5 and 
18 MC. 

62. Marconi Antenna 


a. If the lower half of a vertical Hertz antenna is replaced by 
an extensive conducting plane, no disturbance is caused in the 
propagated waves from the upper half. In other words, the re- 
maining quarter-wave will continue to radiate much in the same 
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Figure 34. Center-fed Hertz antenna with two upright supports. 
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way as a half-wave antenna, provided a large and extensive con- 
ducting plane is present. A practical form of such a radiating 
system is the Marconi antenna, in which the antenna proper 
provides one quarter-wavelength, and the earth supplies the addi- 
tional quarter-wavelength. The total effective (or electrical) 
length is then one half-wavelength. 


b. Establishment of the conducting plane is not always easily 
accomplished, since the earth in many localities is dry and sandy. 
When this is the case, a counterpoise is used. 


с. The main advantage of the Marconi antenna lies in the fact 
that, for any given frequency, it is much shorter than the Hertz 
antenna. This is of particular importance in all field and vehicular 
radio installations. Typical Marconi antennas are the inverted-L, 
the whip, the ground-plane, and the modified ground-plane an- 
tennas. 


63. Inverted-L Antenna 


a. An inverted-L antenna is a grounded antenna so con- 
structed that a portion of it is mounted horizontally. The hori- 
zontal portion, or flattop, is fairly long, and the vertical down- 
lead, which forms an important part of the radiating system, is 
connected to one end of the flattop. The length of the antenna is 
measured from the far end of the flattop to the point at which 
the downlead is connected to the transmitter. 


b. For ground-wave propagation, the vertical part radiates 
most of the ground wave and the horizontal part is used for top 
loading. For short-distance sky-wave propagation, the horizontal 
part radiates most effectively and the vertical portion merely 
functions as a lead-in. For medium-distance sky-wave propa- 
gation, both parts contribute to the radiation. 


c. The purpose of the inverted-L antenna is to afford satisfac- 
tory operation when it is not convenient to erect tall vertical 
antennas. This is particularly necessary when operation on the 
lower freqencies is required. 


d. The inverted-L antenna shown in figure 36 is a common 
military-type antenna. It consists of a single-wire antenna and 
a signal-wire counter-poise. It may be used as either a half-wave 
antenna (4 to 8 MC) or a quarter-wave antenna (2 to 4 MC). 


64. Ground-Plane Antenna 


a. One type of ground-plane antenna (fig. 37) is a quarter- 
wave vertical radiator that in effect, carries its own artificial 
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Figure 36. Inverted-L military antenna. 


ground. The artificial ground, or ground plane, consists of three 
ground-plane elements that make an angle of 142° with the 
vertical element, These elements may be called a counter-poise, 
but they are generally known as an elevated ground plane. 


b. The ground-plane antenna is used when non-directional 
horizontal radiation or reception is required. It is particularly 
useful in extending the distance range of field radio sets operating 
from 20 to 70 MC. This antenna should be well elevated to 
Minimize ground losses. 


55. Whip Antennas 


а. Whip antennas (fig. 38) are the most commonly used ап- 
tennas for tactical radio communication over relatively short 
distances, The term whip antenna is applied to almost any type 
of flexible radiator used in conjunction with portable or mobiie 
radio equipment, 


b. Most whip antennas are constructed of sections of metal 
tubing that can be taken apart when not in use. In this way, the 
antenna has a minimum length during transit and portability is 
Increased. In some lightweight portable equipment, the antenna 
can be collapsed completely into the equipment itself so that none 
of it is exposed. 


с. There are times when a whip antenna mounted on a vehicle 
must be left fully extended so that it can be used instantly while 
the vehicle is in motion. In such antennas, the base mounting in- 
Sulator of the whip is fitted with a coil spring attached to a 
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Figure 37. Ground-plane antenna. 


mounting bracket on the vehicle. The spring base holds the whip 
antenna in a horizontal position so that the vehicle can be driven 
under low bridges or obstructions. If the antenna hits an obstruc- 
tion, the whip usually will not break because most of the shock 
will be absorbed by the spring base. 


WARNING: When an antenna must be left fully extended 


while in motion, contact with overhead power lines must be 
avoided. 
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Figure 28. Common types of whip antenna. 


D Sura баса 
А ы serious injury сап result if a vehicular antenna strikes 
gh-voltage transmission line. 


els а whip antenna is mounted оп a vehicle, the metal of 
the directs will affect the operation of the antenna. As a result, 
Si on in Which the vehicle is facing may also affect trans- 

п and reception, particularly of distant or weak signals. 


aa E vehicle with a whip antenna mounted on its left rear side 
tedn невр its strongest signal in a line running from the an- 
a through the right front side of the vehicle (A, fig. 39). 
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Figure 39. Best directivity of whip antenna mounted on vehicle. 


Similarly, an antenna mounted on the right rear side of the ve- 
hicle radiates its strongest signal in a direction toward the left 
front side (B, fig. 39). The best reception is obtained from sig- 
nals traveling in the directions shown by the broken arrows. 


f. In some cases, the best direction can be determined by driv- 
ing the vehicle in a small circle until the best position is located. 
Normally, the best direction for receiving from a distant station 
is also the best direction for transmitting to that station. 


66. Dummy Antennas 


Use of a radiating antenna may divulge the location of a 
transmitter to enemy radio direction finders and may also cause 
interference with other stations operating on the same frequency. 
To eliminate the possibility of unauthorized signals going on the 
air, à dummy antenna is sometimes provided. This device will 
act as a load for the transmitter without radiating a signal. 
Dummy antennas normally consist of a non-inductive resistor 
large enough to absorb the transmitter output and dissipate it 
as heat. Some dummy antennas also have an RF wattmeter to 
check the transmitter RF power output. 


Section IV. FIELD EXPEDIENTS FOR ANTENNAS 


67. Improvised or Emergency Antennas 


Antennas are sometimes broken or damaged, thereby causing 
communication failure or poor communication. If a spare is avail- 
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able, the damaged antenna can be replaced. When there is no 
spare, it may be necessary to fabricate an emergency antenna. 
The following are suggestions that will aid in the construction of 
an emergency antenna. 


properly, 
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a. General Suggestions. 
(1) The best types of wire for antennas are copper or alu- 


(2) 


(3) 


(4 


— 


minum, In an emergency, however, use any type that is 


available. 


The exact length of many antennas is critical. Therefore, 
the length of the emergency antenna should be the same 
as the length of the antenna it replaces. 

Antennas supported by trees can usually survive heavy 
wind storms if the trunk of a tree or a stout branch is 
used as the supporting limb. To keep the antenna taut 
and to prevent it from breaking or stretching as the 
trees sway, attach a spring or old inner tube to one end 
of the antenna, or pass a rope through a pulley or eye- 
hook, attach the rope to the end of the antenna, and load 
the rope with a heavy weight to keep the antenna taut. 
Guys used to hold antenna supports are made of rope or 
wire, To insure that wire guys will not affect the opera- 
tion of the antenna, cut the wire into several short 
lengths and connect the pieces with insulators. 


b. Antenna. Efficiency. An improvised antenna may change the 
performance of a radio set. Two expedient methods may be used 
to determine whether the improvised antenna is operating 


(1) 


The distant receiver may be used to test the antenna. 
If the signal received from a station is strong, the an- 
tenna is operating satisfactorily. If the signal is weak, 
adjust the height and length of the antenna and trans- 
mission line to receive the strongest signal at a given 
setting of the volume control of the receiver. 

In some radio sets, the transmitter is used to adjust the 
antenna. First, set the controls of the transmitter in the 
proper position for normal operation; then, tune the sys- 
tem by adjusting the antenna height, the antenna length, 
and the transmission line length to obtain the best 
transmission output, 

WARNING: Serious injury or death can result from 
contact with the radiating antenna of a medium or high 
power transmitter. Turn the transmitter off while 
making adjustments to the antenna. 
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68. Repair of Whip Antennas 


When a whip antenna is broken into two sections, the portion 
of the antenna that is broken off can be connected to the portion 
attached to the base fitting by joining the sections as shown in 
figure 40. Use the method illustrated in figure 40А when both 
parts of the broken whip are available and usable. Use the method 
illustrated in figure 40B when the portion of the whip that was 
broken off is lost or when the whip is so badly damaged that it is 
unfit for use. To restore the antenna to its original length, add 
a piece of wire that is nearly the same length as the missing 
part of the whip. Then, lash the pole support securely to both 
sections of the antenna. Clean the two antenna sections thor- 
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Figure 40. Emergency repair of broken whip antenna. 
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oughly to insure good contact before connecting them to the pole 
support. If possible, solder the connections. 


69. Версіг of Wire Antennas 


Emergency repair of wire antennas can be grouped into two 
categories: repair or replacement of the wire used as an antenna 
or transmission line; and repair or replacement of the assembly 
used to support the antenna wires. 


а. When one or more wires on an antenna are broken, the an- 
tenna can be repaired by reconnecting the broken wires. To do 
this, lower the antenna to the ground, clean the surface of the 
Wire, and twist the wires together. Whenever possible, solder the 
connection. 


b. If the antenna is damaged beyond repair, substitute another 
antenna, Make sure that the length of the substitute antenna 18 
approximately the same as that of the original antenna. 


70. Repair of Antenna Supports 


Antenna supports may require repair or replacement in the 
same manner as the antenna. A substitute item may be used in 
place of a damaged support and can be of any material of ade- 
quate strength if properly insulated. 


а. Insulators. Normally, an antenna is suspended between two 
Support lines, which are attached to poles, trees, or buildings. 
The support lines, usually pieces of wire or rope, are electrically 
Separated from the antenna by means of glass or porcelain insu- 
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Figure 41. Improvised insulators. 
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lators. If an insulator breaks and a spare insulator is not avail- 
able, the antenna can be effectively insulated by inserting a piece 
of dry wood between the antenna wire and the line support. Fig- 
ure 41 shows two methods of making emergency wooden insu- 
lators. If rope is used for the antenna supporting line, the rope, 
if dry, may be connected directly to the antenna wire. If the rope 
contains a metal wire to provide mechanical strength, an insu- 
lator must be used. 


Мое. Wood or dry rope should be used as insulators only in emergencies 
when better insulators cannot be obtained or improvised. 


b. Guys. Lines used to stabilize the supports for an antenna 
are called guys. These lines are usually made of wire, manila 
rope, or nylon rope. If a rope breaks, it may be repaired by tying 
the two broken ends. If the rope is too short after the tie is made, 
it can be lengthened by adding another piece of rope or any other 
insulating material, such as a piece of dry wood or cloth. If a 
wire guy breaks, it can be replaced with another piece of wire. 


с. Masts. Some antennas are supported by masts. Thus, if a 
mast breaks, it can be replaced with another of the same length. 
If long poles are not available as replacements, short poles may 
be overlapped and lashed together with rope or wire to provide 
a pole of the required length. 


71. Vertical Antennas 


A vertical antenna is properly adjusted if the antenna elec- 
trical length is the same as the electrical length of the antenna 
normally supplied with the radio set. If this length is unknown, 
it is necessary to construct a long antenna and adjust the elec- 
trical length by trimming off the end until the best electrical 
length is obtained. This same trimming process can be used for 
vertical wire antennas, but is not practical for metal-rod or pipe 
antennas. 


a. A vertical antenna can be improvised by using a metal pipe, 
or rod of the correct length, held erect by means of guys. The 
lower end of the antenna should be insulated from the ground by 
placing it on a large block of wood or other insulating material. 


b. A vertical antenna may consist of wire supported by a tree 
or a wooden pole (A, fig. 42). For short vertical antennas, the 
pole may be used without guys (if properly supported at the 
base). If the length of the vertical mast is not long enough to 
support the wire upright, it may be necessary to modify the con- 
nection at the top of the antenna (B, fig. 42). 
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Figure 43. Additional means of supporting vertical wire antennas. 
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Figure 44. Improvised center-fed half-wave antenna. 
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с. Another method of supporting a vertical wire antenna is 
shown in A, figure 43. A line is strung between two trees at the 
desired height to support the antenna wire. 


d. A vertical antenna can also be suspended from the branch 
of a tree (B, fig. 43). In this case, the antenna must be free 
from contact with other branches. It may be supported by rope 
or similar material. 


72. Center-Fed Half-Wave Antenna 


An emergency antenna of this type can be made of wire and 
rope (fig. 44), An insulator is placed at the exact center of the 
antenna, and a double-wire feeder or transmission line is con- 
nected at the insulator. One wire of the transmission line is con- 
nected to one side of the antenna, and the second wire is 
connected to the other side of the antenna. The unattached ends 
of the transmission lines are then connected to the two antenna 
terminals of the radio set. 


а. The length of the antenna wires is important. Cut the wires 
as closely as possible to the correct length. 


5. The length of the transmission line is also important, and 
the transmission lines should be adjusted to obtain the best re- 
sults, To accomplish this, install transmission lines that are longer 
than necessary and then shorten them to obtain the best opera- 
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Figure 45. Elevated center-fed half-wave antenna. 
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tion. If a coaxial cable transmission line is used, trimming is not 
practical. 


c. If an open-wire line is used, performance can be improved 
by connecting a piece of wire between the ends of the antenna 
(folded dipole), as indicated by the dotted line in figure 44. This 
piece of wire should be the same length as the actual antenna. 


4. A general formula for finding the physical length of a half- 
wave antenna and a chart of half-wave antenna lengths for fre- 
quencies from 1 MC to 76 MC are contained in appendix II. 


c. Short center-fed half-wave antennas can be supported en- 
tirely by pieces of wood. A horizontal antenna of this type is 
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Figure 46. Means of supporting vertical half-wave antenna, 
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shown in A, figure 45; a vertical antenna of similar type is shown 
in В, figure 45. These antennas can be rotated to any position 
to obtain the best performance. If the antenna is erected ver- 
tically, the transmission line should be brought out horizontally 
from the antenna for a distance equal to at least one-half of the 
antenna’s length before it is dropped down to the radio set. 


f. A similar arrangement for a short, center-fed half-wave an- 
tenna is shown in figure 46. The ends of this antenna are con- 
nected to a piece of dry wood, such as a bamboo pole, and the 
bend in the pole holds the antenna wire straight. Another pole, 
or bundle of poles, serves as a mast. 


73, End-Fed Half-Wave Antenna 


An emergency antenna of this type can be fabricated if ma- 
terials such as field wire, rope, and wooden insulators are avail- 
able. The electrical length of this antenna is measured from the 
antenna terminal on the radio set to the far end of the antenna 
(B, fig. 42), The best performance can be obtained by construct- 
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ing the antenna longer than necessary, and then shortening it 
until performance is satisfactory. 


74, Field Expedient Directional Antennas 


The vertical half-rhombic antenna (fig. 47) and the wave an- 
tenna (fig. 48) are the two field-expedient directional antennas 
that can be used with the FM radio sets. These antennas are di- 
rectional and will transmit and receive in the direction of the 
terminated end, If the transmitter loads poorly, add to or sub- 
tract from the length of the antenna. These antennas will nor- 
mally increase the rated operating range of the FM sets. 
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CHAPTER 6 


FACTORS CONTROLLING RELIABILITY OF 
RADIO COMMUNICATIONS 
бы ава 


Section |. SELECTION OF SITE 


75. Technical Requirements 


^ Location, A vadio station must be located in a position that 
Vill assure communication with all other stations with which it 
d to operate, To obtain efficiency of transmission and reception, 
е following factors should be considered: 

(1) Hills and mountains between stations normally limit 
the range of radio sets, In mountainous or hilly terrain, 
Positions relatively high on the slopes (fig. 49) should 
be selected, Locations at the base of a cliff or in a deep 
ravine or valley (fig. 50) should be avoided. For орега- 
tion at frequencies above 30 MC, a location that will 
give line-of-sight communication should be selected 
Whenever possible. 

(2) Dry ground has high resistance and limits the range of 
the radio set. If possible, the station should be located 
Near moist ground, which has much less resistance. 
Water, and in particular salt water, will greatly increase 

е distances that can be covered. 

3) Trees with heavy foliage absorb radio waves, and leafy 
trees have more of an adverse effect than evergreens. 
EE "i should be kept clear of all foliage and dense 

5 


5. Man-Made Obstructions. 
(0 А Position іп а tunnel or beneath an underpass ог steel 
ridge (fig. 50) should not be selected. Transmission 
and reception under these conditions are almost impos- 
sible because of high absorption of ВЕ waves. 
(2) Buildings located between radio stations, particularly 
Steel and reinforced concrete structures, hinder trans- 
Mission and reception. 
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(8) All types of pole wire lines, such as telephone, telegraph, 
and high-tension power lines, should be avoided when 
selecting a site for a radio station. Such wire lines ab- 
sorb power from radiating antennas located in their 
vicinity. They also introduce hum and noise interference 
in receiving antennas. 


(4) Positions adjacent to heavily traveled roads and high- 
ways should be avoided, In addition to the noise and 
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Figure 49. GOOD sites for radio communication. 
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confusion caused by tanks and trucks, ignition systems 
in these vehicles may cause electrical interference. 


(5) Battery-charging units and generators should not be lo- 
cated close to the radio station. 

(6) Radio stations should not be located close to each other. 

(7) Radio stations should be located in relatively quiet areas. 
The copying of weak signals requires great concentra- 
tion by the operator, and his attention should not be 
diverted by extraneous noises. 


76. Tactical Requirements 


а. Local Command Requirements. Radio stations should be lo- 
cated some distance from the unit headquarters or command post 
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Figure 50. BAD sites for radio communication. 
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that they serve. Thus, long-range enemy artillery fire, missiles, 
or aerial bombardment, directed at the stations as a result of 
enemy direction finding, will not strike the command post area. 


b. Cover and Concealment. The locations selected should pro- 
vide the best cover and concealment possible, consistent with 
good transmission and reception. Perfect cover and concealment 
may impair transmission and reception. The amount of permis- 
sible impairment depends upon the range required, the power of 
the transmitter, the sensitivity of the receiver, the efficiency of 
the antenna system, and the nature of the terrain. When a set 
is being used to communicate over a distance that is well under 
the maximum range, some sacrifice of communication efficiency 
can be made to permit better concealment of the set from enemy 
observation. 


c. Practical Considerations. 


(1) Pack sets have sufficiently long cordage to permit opera- 
tion from cover, while the radio set is below the surface 
of the surrounding terrain and the antenna is in the 
clear. 

(2) Some sets can be controlled remotely from distances of 
100 feet or more. Sets of this type can be set up in a 
relatively exposed position, while the operator remains 
concealed. 

(3) Antennas of all radio sets must extend above the sur- 
face of the ground to permit normal communications. 

(4) Small tactical set antennas are usually of the whip type. 
These antennas are difficult to see from a distance, 
especially if they are not silhouetted against the sky. 

(5) Open crests of hills and mountains must be avoided. 
A slightly defiladed position just behind the crest gives 
better concealment and sometimes provides better trans- 
mission. 

(6) All permanent and semipermanent positions should be 
properly camouflaged for protection against both aerial 
and ground observation. However, the antenna should 
not touch trees, brush, or camouflage material. 


4. Local Communications. Contact must be maintained between 
the radio set and the message center at all times, either by local 
messenger or field telephone. The station should also be readily 
accessible to the unit commander and his staff, 


77. Final Considerations 
It is almost impossible to select a site that will satisfy all tech- 
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nical and tactical requirements for a radio set. Therefore, a com- 
promise is usually necessary and the best site available is selected. 
It is also a good idea to select both a primary and an alternate 
site, Then, if radio communication cannot be established at the 
primary location, the set can be moved a short distance to the 
alternate position. 


Section Il. RELIABILITY FACTORS AT TRANSMITTER 


78. Frequency 


The ground wave is used for most field radio communications. 
The range of the ground wave becomes correspondi ngly shorter 
as the operating frequency of the transmitter is increased 
through the applicable portions of the medium-frequency band 
(300-3000 KC) to the high-frequency band (3-30 MC). When 
the transmitter is operating at frequencies above 30 MC, dis- 
tances are limited generally to slightly more than line-of-sight. 
For circuits using sky-wave propagation, the particular frequency 
to be selected depends on the climate, season, and time of day. 


79. Power 


The range of the transmitted signal is proportional to the pow- 
ег radiated by the antenna. An increase in power results in some 
increase in range, and a power decrease reduces the range. Unger 
normal operating conditions, the transmitter should feed only 
enough power into the radiating antenna to establish reliable 
communication with the receiving station. Transmission of a 
signal more powerful than required is a breach of signal security 
because the position of the transmitter may be more easily fixed 
by enemy direction-finding stations. Also, the signal may inter- 
fere with friendly stations operating on the same frequency. 


80. Antenna 


For maximum transfer of energy, the radiating antenna must 
be the proper length for the operating frequency. The local ter- 
rain determines, in part, the radiation pattern, and therefore 
affects the directivity of the antenna and the possible range of 
the set in the desired direction. If possible, several variations in 
the physical position of the antenna should be tried to determine 
the optimum operating position, so that the greatest energy will 
be radiated in the desired direction. 
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81. Capabilities of Operators 


The skill and technical capabilities of the operators at the 
transmitter and receiver play important parts in obtaining the 
maximum range possible. In many cases, the transmitter, output 
coupling, and antenna feeder circuits must be tuned correctly to 
obtain maximum power output. In addition, both the radiating 
antenna and the receiving antenna may have to be constructed 
properly with regard to both electrical characteristics and condi- 
tions of the local terrain, 


Section ІІ. RELIABILITY FACTORS IN TRANSMISSION PATH 


82. Conductivity and Height of Intervening Terrain 

a, Conductivity, The type of terrain between two field radio 
sets determines ground conductivity and affects the ground wave. 
Flat prairie country has high conductivity, for there is little ab- 
sorption of the ground wave by the earth. Large surfaces of water 
also have high conductivity. Mountainous, rugged, and broken 
country usually has low conductivity. In areas where there are 
large mineral deposits, deep ravines, or valleys, the ground wave 
may be absorbed completely by the earth. 


b. Hcight. Large terrain obstructions between transmitting and 
receiving stations reduce the reliabilitv cf radio transmission. 


83. Distance Between Stations 


Low power radio transmitters of limited range must work with 
receivers located within this range. Higher power transmitters 
with correspondingly stronger ground and sky waves may reach 
receiving stations with either or both of these waves, depending 
upon the distance between the transmitter and the receiver. 


84. Skip Distance Factor 


When sky wave propagation is used for communications, the 
characteristics of the skip distance must be considered. At cer- 
tain times during the day or night on certain frequencies, the 
receiving station could lie within the skip zone and would not, 
therefore, receive a signal from the transmitter. 


Section IV. RELIABILITY FACTORS AT RECEIVER 


85. Sensitivity and Selectivity of Receiving Set 


Sensitivity is the degree of response of a radio circuit to sig- 
nals of the frequency to which it is tuned. Selectivity is the degree 
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to which a receiver is capable of differentiating between the de- 
sired signal and signals of other frequencies. A receiver must 
be properly alined and efficiently operated if the maximum values 
of sensitivity and selectivity are to be achieved. The inherent 
noise level of the circuit is a limiting factor in the sensitivity of 
a receiving set. 


86. Receiving Antenna 


In field radio communication, the type of construction, location, 
and electrical characteristics are not as decisive in the operation 
of the receiving antenna as they are in the transmitting antenna. 
The receiving antenna must be of sufficient length, be properly 
coupled to the input of the receiver circuit, and, in some cases, 
have the same polarization as the transmitting antenna, 


87. Interference from Natural Sources 


а. Radio interference from natural sources may be divided into 
four classifications: 

(1) Atmospheric interference from electrical storms. 

(2) Solar and cosmic interference from eruptions on the 
sun and other stars. 

(3) Precipitation static from charged precipitation particles 
in the atmosphere. Particles may be rain, sleet, snow, 
sand, smoke, or dust. Dry particles produce greater 
charges than wet ones. 

(4) Fading from disturbances in the medium through which 
radio waves are propagated. 


b. Interferences listed above appear in electronic equipment 
as disturbing noise. This noise shows up as sound in headphones 
and loudspeakers, and as errors in the output of other terminal 
equipment. There is interference at most frequencies, but. it 
diminishes considerably as the frequency is increased. Reception 
at very high frequencies suffers little from these disturbances. 


88. Man-Made Interference 

a. Man-made interference is generated by electrical devices, 
Such as vehicle ignition systems, sparking brushes on motors and 
generators, and other rotating machines. If this interference is 
not controlled, it will drown out or obscure the transmission of 
intelligence, 


b. Although man-made interference is best eliminated or mini- 
mized at its source, some improvements can be made at the re- 
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ceiver. The use of a directional receiving antenna will eliminate 
some of the interference if the source is not in the same direc- 
tion as the transmitting station. In addition, specially designed 
antenna lead-in wire may eliminate or minimize man-made inter- 
ference that would normally be picked up on the lead-in wire. 


89. Mutual Interference 


a, When one communication system interferes with another, or 
when one particular unit within a given system interferes with 
other units in the same system, there is a condition of mutual 
interference. 


b. Mutual interference may appear in several forms—noise, 
crosstalk, and harmonic interactions. Some of the common con- 
ditions that cause mutual interference are as follows: 

(1) Spurious, undesired signals. 

(2) Spurious receiver responses. 

(3) RF arcing in transmitters. 

(4) Impedance mismatch in the antenna system. 
(5) High-voltage pulse interference. 

(6) Improper frequency assignments. 


c. Interference originates from many local and distant sources. 
Frequency relationships, geographical location, faulty adjustment 
of equipment, improper operating techniques, and weather con- 
ditions are important factors contributing to the nature of mu- 
tual interference. Equipment and systems that аге potential 
generators of mutual interference are radar, radio, radio aids 
to navigation, and telephones. 


90. Capabilities of the Receiving Operator 


Most communication receivers are provided with adjustable 
controls designed to minimize the adverse effects of fading, noise, 
and interference. The proficient use of these controls, such as 
the noise limiter and one of the various types of filters, often will 
permit satisfactory reception of many messages that would other- 
wise be lost when noise and interference become excessive. On the 
other hand, misadjustment of these controls, either through igno- 
rance or carelessness, can cause unsatisfactory operation. There- 
fore, the skill and technical proficiency of the receiver operator 
play an important part in radio signal reception. 
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CHAPTER 7 
RADIO OPERATING TECHNIQUES 





Section |. INTRODUCTION 
91. General 


a. The tactical effectiveness of any communication equipment 
is no greater than the skill of the operators. The most efficient 
communication within a net or command is attained when the 
operators of the equipment habitually use the proper procedures 
in the transmission and reception of messages. 


b. The information in this chapter pertains to the operation 
of radiotelegraph (International Morse Code), radiotelephone 
(voice), and radio teletypewriter (RATT) communications. 


92. Operating Instructions 


р Instructions pertaining to radio communications are contained 
їп the standing operating procedures (SOP), signal operation in- 
structions (SOI), and standing signal instructions (SSI). The 
501 outlines the organization of stations into nets, assigns call 
Signs, designates net control stations (NCS), assigns frequencies, 
and provides information on changes to alternate frequencies 
and authentication. Security procedures to be adopted by radio 
operators in the command are included in the SSI. The SOP gov- 
erns routine operations of a unit. Refer to FM 24-16 for addi- 
tional information concerning the SSI, SOI, and SOP. 


93. Operating Hints for Operators 
‚ ® Use a handset or headset, rather than a loudspeaker, if the 
Incoming signal is weak. 

b. Make sure that the microphone or handset is in good condi- 


Fui directly into the mierophone; speak slowly and dis- 
netly, 


| с. If the radio set is in a vehicle, make sure that the battery 
Voltage is up, Keep the engine running to charge the battery. 
dm Move the set or the vehicle, if necessary, to improve recep- 
n. 
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е. Upon approval of supervisor, use continuous-wave radio- 
telegraph rather than radiotelephone or radio teletypewriter 
communications to increase the range of the set. 


f. Note that lack of communication er poor communication may 
be caused by— 

(1) Too great a distance between radio sets. 

(2) Poor choice of location (siting) at one or both ends of 
the circuit. 

(3) Terrain—hills or mountains. 

(4) Noise and interference. 

(5) Net enough transmitter power. 

(6) Defective equipment. 

(7) Improper adjustment of equipment, 

(8) Ineffective antenna. 

(9) Improper frequency assignment. 

g. Note that poorly maintained equipment and improper opera- 
lion can be just as effective in preventing communication as 
excessive distances or mountainous terrain. It is imperative that 
the following precautions be observed at all times: 

(1) Study, and become familiar with, the technical manuals 
for the pertinent sets. They outline complete operating 
instructions and maintenance procedures, 

(2) Keep the radio set clean and ағу. 

(3) Handle the radio set carefully. 

h. Set up routine inspection and maintenance procedures for 
the following: 

(1) Keep plugs and jacks clean. 

(2) Make sure that antenna insulators are dry, clean, and 
free of paint. 

(3) Insure that antenna connections and power connections 
are tight. 

(4) Check knobs and controls to insure that they operate 
easily without binding. 

(5) Make sure that motors and fans run smoothly. 

(6) Make sure that dry batteries are fresh and, remove bat- 
teries when the equipment is in storage or not in use. 


Section Il. GENERAL OPERATING INSTRUCTION 
94. General 


Before operating any radio set, obtain the equipment manual 
and carefully study the instructions covering the operation. Panel 
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diagrams, connection diagrams, and the paragraphs covering the 
description of components should be referred to during the pre- 
liminary starting procedure to insure that the proper cables are 
connected to the proper panel connectors, and that the contrcls 
are at their proper settings. Even the most experienced operators 
should cheek their preliminary procedures against these refer- 
ences from time to time to insure accuracy and to avoid damage 
to equipment, Refer to the operational checklist. (and when au- 
thorized, the equipment performance checklist) to determine 
what performance should be expected from the equipment, and 
what action should be taken to remedy unusual occurrences dur- 
ing starting procedures and operation, The checklist provides 
guidance in the application of corrective measures if the set 15 
net performing normally. 


95. Steps in the Operation of a Radio Set 


The radio sets that are issued to units will vary in type ае 
cording to the communication requirements of the unit. For ex- 
ample, some sets may be completely contained in one assembly, 
While others may consist of separate components that must be 
properly connected together in order to assemble a complete radio 
Set. The following steps are generally required in operating à 
radio set: 


t. Check the Set for Completeness. Make sure that all the neces- 
sary components and accessories are on hand and ready for use. 
Refer to the equipment technical manual. 


b. Cheek the Condition of the Knobs, Dials, Switches, а nd Со 
trols. Look for knobs, dials, switches, and controls that are loose 
on their shafts, bind when being operated, are bound so that they 
won't operate, or are damaged in any other way. Make correc- 
tions where possible, or report the faulty condition. Make sure 
that all knobs and exterior parts are on the set. Report immedi- 
ately any that are missing. 


с. Check the Condition of Plugs, Receptacles, and Connectors. 
Do not attempt to connect the set for operation until you are sure 
that the plugs and connectors are clean and in good condition, 
and that the receptacles to which they must be connected are 
clean and in good condition. 


4. Check the Connection Diagrams in the Equipment Manual 
before Making Connections. The connection diagrams show the 
type and number of cables required to connect the components 
of the radio set together for each type of operation. The radio 
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set can be damaged if cables are connected in the wrong re- 
ceptacles. 


(1) If the connectors don't match, it is possible to physically 
damage the pins or sleeves of the connectors. 


(2) If a cable is connected to a receptacle into which it will 
fit, but where it does not belong, it is possible to cause 
serious electrical damage to the equipment and, in some 
cases, injury to the operator. 


с. Cheek Dial, Switch, and Control Settings. Some radio sets 
ап be seriously damaged if the switches. dials, and controls are 
not set to the required initial settings before applying power or 
making the initial tuning adjustments, Before turning on power, 
check the equipment manual to be sure that all preliminary start- 
ing procedures have been covered completely. 


f. Cheek the Starting Procedure in the Equipment Manual, The 
equipment manual covers in detail the proper procedure for start- 
ing the radio set. If there is a specific sequence for starting the 
set, it is described in the manual. Perform the operations in the 
proper sequence. 


g. Apply Power, After the proper connections have been made 
and all switehes, dials, and controls have been properly set, power 
may be applied tc the set. Refer to the starting procedure in the 
equipment manual. 


h. Allow the Set to Warm Up. All radio sets that use electron 
tubes require à warm-up period to permit the tubes to reach their 
efficient operating condition. In some cases, it is possible to dam- 
age a set by attempting to operate before the tubes are properly 
warmed up. Most sets are protected against such damage, but it 
is foolish to risk damage to a radio set by trying to put it on the 
air before it is ready. 


i. Watch for Abnormal Operation during Warm-Up, From the 
time that the power is turned on until the radio set is warmed up 
and ready to operate, observe all indicators, meters, and dial 
lamps. If any of these indicate an unusual condition, investigate 
immediately. Circuit breakers are provided on most sets to pro- 
tect against burn-outs caused by overloads, but other malfunc- 
tions can occur that will not trip the circuit breaker. These other 
malfunetions ean also damage the set. 


j. Tune the Sct to the Desired Frequency (Channel). Tune the 
transmitter to its proper frequency (the frequency of the desired 
channel) according to the procedures described in the equipment 
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manual, Use the methods that are given in the equipment manual 
to check for correct tuning. 


k. Check the Set for Normal Operation. While the set is іп op- 
eration, check the indicators frequently to be sure that the set is 
operating correctly. If anything unusual occurs in the operation, 
investigate it immediately. If necessary, turn off the power to the 
set and refer to the operational checklist and the equipment per- 
formance checklist in the equipment manual. If the corrections 
given in the operational checklist and the equipment performance 
checklist will not correct the trouble, report the set’s condition to 
the unit communication-electronic equipment repairman. Make 
sure that the condition of the set and the action taken are prop- 
erly recorded on the maintenance records. 


І. Use the Proper Procedure to Turn the Set Off. After opera- 
tion has been completed, or if the set is being turned off because 
of improper operation, make sure that the controls, switches, and 
dials are properly positioned (this may not be required on some 
sets) and proceed to shut down the components of the set in the 
sequence specified in the equipment manual. Simple sets may re- 
quire nothing more than turning the power switch to its off posi- 
tion, but more complex sets may require elaborate shut-down 
procedures. 


Section Ш. RADIOTELEGRAPH PROCEDURE 


96. General 


Radiotelegraphy is a system of telecommunication for the 
transmission of intelligence (or information) by International 
Morse Code. It provides the most reliable radio communication 
over long distances and under adverse conditions, but requires 
highly skilled operators. It is used to and between mobile units 
and as an emergency substitute for teletypewriter. Details on 
radiotelegraph procedure are in the АСР 124 ( ) series. 


а. Brevity Codes in Radiotelegraphy. In addition to normal 
communication procedures, radiotelegraphy utilizes prosigns, op- 
erating signals, and special abbreviations. Operating signals are 
listed in ACP 181; authorized prosigns and abbreviations are n 
ACP 124 ( ). 


b. Advantages of Radiotelegraphy. Although code communica- 
tion is necessarily slower than voice or teletypewriter communi- 
cation, it has the advantage of being more readable in the 
presence of accidental interference and jamming. Code signals 
can often be read clearly when voice or teletypewriter signals 
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of the same strength are unreadable. A defective AM voice trans- 
mitter that cannot be used for voice transmission can sometimes 
be operated quite effectively as a CW transmitter. 


97. International Morse Code 


Dots and dashes are used in various distinctive combinations 
to represent the letters of the alphabet, the numerals from f) to 
9, and the procedure signs (prosigns). The dots and dashes of the 
Morse Code are produced by keying a transmitted and causing 
it to transmit short and long signals. The dash is three times the 
length of the dot. The combination of dots and dashes that are 
used for a letter are spaced from each other by a period of time 
equal in length to one dot. Letters are spaced from each other 
by a period of time equal to three dots and words are spaced 
by a period of time equal to seven dots. 


98. Procedure Signs 


Procedure signs (prosigns) are used on radiotelegraph and 
radioteletypewriter circuits to convey information, requests, 
orders, and instructions in a condensed standardized form, Pro- 
Signs represent single words or phrases in order to minimize 
transmitting time. Radiotelegraph transmitting operators will 
send the overscored letters of a prosign together without charac- 


ter spacing. Authorized prosigns and their meanings are listed 
in the chart below. 


Y | 





озып Meaning 
AA ALL AFTER 
«ХА UNKNOWN STATION 
AB ALL BEFORE 
AR END OF TRANSMISSION 
AS WAIT 
B MORE TO FOLLOW 
BT LONG BREAK 
с CORRECT 
b CFN CONFIRMATION 
DE FROM 
EEEEEEEE ERROR 
F DO NOT ANSWER 
FM ORIGINATOR'S SIGN 
G REPEAT BACK 
GR (numeral) GROUP COUNT 
GRNC GROUPS NOT COUNTED 
НМ (3 times) EMERGENCY SILENCE SIGN 
all SEPARATIVE SIGN 
ІМІ REPEAT 
INFO INFORMATION ADDRESSEE SIGN 





Sev footnotes оп р. 86. 
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Presign Meaning 





INT INTERROGATORY 

IK: EXECUTE TO FOLLOW 

“ІХ (5-second dash) EXECUTIVE SIGNAL 

J VERIFY AND REPEAT 

K INVITATION TO TRANSMIT 
NR NUMBER 

0 IMMEDIATE 

Р PRIORITY 

R RECEIVED 

R ROUTING 

T TRANSMIT TO 

TO ACTION ADDRESSEE SIGN 
WA WORD AFTER 

WB WORD BEFORE 

XMT EXEMPTED ADDRESSEE SIGN 
2 FLASH 





? Radiotelegraph prosign, 

» Radioteletypewriter prosign. 

fln Шеш of IX (S-second dash) om radioteletypewriter circuits, type “EXECUTE” as the 
executive signal. 


99. Operating Signals 


Operating signals, which are three-letter signals starting with 
the letter Q or the letter Z, are used by CW operators (and radio 
teletypewriter operators) to expedite communications. Each 
Q-signal or Z-signal conveys the meaning of a number of words 
and, at times, a complete message. For example, ZFG means, 
"This message is an exact duplicate of a message previously 
transmitted," Information on the authorization of Q-signals and 
Z-signals is presented in ACP 131. 


а. АСР 131 lists the meanings of Q-siguals and Z-signals and 
provides instructions for their use. If it is not possible to provide 
each operator with a copy of ACP 131, lists of commonly used 
Q-signals and Z-signals should be prepared and provided to each 
operator. In no case should the operator be required to memorize 
all of these operating signals. 


b. Operating signals are considered to be plain language, and 
they must be encrypted when used as part of an encrypted mes- 
sage. They are an aid to communication security, since they are 
brief, but their meanings are common knowledge to many nations. 
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Section IV. RADIOTELEPHONE PROCEDURE 
100. General 


Radiotelephony is a system of telecommunications. that is nor- 
mally used for short-distance tactical communication and between 
mobile and air units. It provides rapid, person-to-person com- 
munication in highly mobile situations. However, radio transmis- 
sions are subject to enemy interception and afford little or no 
security to messages. Therefore, basic rules essential to trans- 
mission security are strictly enforced on all military radiotele- 
phone circuits. Details on radiotelephone procedures are in the 
АСР 125 ( ) series. 

а. Brevity Codes in Radiotelephony. Whereas radiotelegraphy 
makes use of prosigns and operating signals, radiotelephony uti- 
lizes procedure words (prowords) and procedure phrases. Au- 
thorized prowords are covered later in this section. 

b. Calls. When communicating in a radiotelephone net, one of 
the following calls is used: 

(1) Full call: DANO THIS IS BUTTER DIESEL OVER 

(2) Abbreviated call: THIS IS BUTTER DIESEL OVER 

(3) Net call: BUTTER DIESEL THIS IS BUTTER 
DIESEL 6 OVER 


c. Operating Rules. When using radiotelephone, the operator 
must— 
(1) Listen before transmitting to avoid interference with 
other traftic. 
(2) Speak in natural phrases, not word by word. 
(3) Speak slowly and distinctly. 


101. Pronunciation of Letters and Numerals 

To avoid confusion and errors during voice transmissions, jo 
cial procedures have been developed for pronouncing letters an 
numerals, These special procedures are the phonetic alphabet and 
phonetic numerals, 


a. The phonetic alphabet is used by the operator to spell diffi- 
cult words and thereby prevent misunderstanding on the part 
of the receiving operator. The words of the phonetic alphabet, 
which is a word alphabet and not a code, are pronounced as 
shown in the chart in c below. The underscored portion indi- 
cates the syllable or syllables to be emphasized. 


b. The word that might be misunderstood is spoken if it can be 
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€— 2. 


pronounced; spelled out phonetically; and then spoken again. For 
example, "PIDCOKE, I SPELL—PAPA INDIA DELTA 
CHARLIE OSCAR KILO ECHO—PIDCOKE.” 


с. The phonetic alphabet is also used for the transmission of 
encrypted messages. For example, the cipher group CMVVX is 
spoken, “CHARLIE MIKE VICTOR VICTOR XRAY.” 





Phonetic alphabet 









Pronunciation 


Letter 
























































A | ALFA NOVEMBER | NO VEMBER 
B | BRAVO OSCAR oss CAH 

C | CHARLIE PAPA PAH PAH 

D | DELTA QUEBEC KEH BECK 

E | ECHO ROMEO ROW ME OH 

F | FOXTROT | FOKS TROT SIERRA SEE AIR RAH 
G | GOLF GOLF TANGO TANG GO 

Н | HOTEL | HOH TELL UNIFORM | YOU NEE FORM 
I |INDIA  |IN DEE AH VICTOR VIK TAH 

J |JULIETT | JEW LEE ETT WHISKEY | WISS KEY 

K | KILO KEY LOH XRAY ECKS RAY 

L | LIMA LEE MAH YANKEE YANG KEY 

M | MIKE MIKE ZULU 200 LOO 









d. Numbers are pronounced as shown in the following chart. 





Phonetic numbers 












Pronunciation 





SIX 
SEV-en 
AIT 

NIN-er 
ZE-RO 


сл ым со го n 






е. Numbers are spoken digit by digit, but the words "ITUN- 
DRED” or “TOUSAND” are used for even hundreds and thou- 
sands. For example, 84 is “AIT FOW-er;” 2,500 is “TOO FIFE 
HUNDRED;" and 16000 is "WUN SIX TOUSAND." 


f. The date-time group is always spoken digit by digit, followed 
by the time zone indication. For example, 291205Z is “ТОО 
NIN-er WUN TOO ZE-RO FIFE 700 LOO.” 


9. Map coordinates and call sign suffixes also are spoken digit 
by digit. 
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102. Procedure Words 


To keep voice transmission as short and clear as possible, radio 
operators use procedure words (prowords) to take the place of 
long sentences. The prowords and their meanings are listed in 


the following chart. 








Proword 


ALL AFTER 
ALL BEFORE 


BREAK ____ 


CORRECTION 


DISREGARD THIS 
TRANSMISSION 


DO NOT ANSWER 


EXECUTE 


EXECUTE TO FOLLOW 


EXEMPT 


FIGURES 
FLASH 
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Meaning 





- 


refer to the portion of the message that 
follows 





refer to the portion of the message that 
precedes . 


- 


- 


hereby indicate the separation of the text 
from other portions of the message. Or: 
I have completed the text of the message, 
signature follows, etc. (When “break-in” is 
permitted, receiving operator may interrupt 
the transmitting operator to request re- 
transmission of a portion of a message. This 
proword is the interruption sign.) 

An error, has been made in this transmission. 
Transmission will continue with the last 
word correctly transmitted, 

An error has been made in this transmission 
(or message indicated). The correct version 
is 2; That which follows is а cor- 
rected version in answer to your request for 
verification. 

This transmission is in error. Disregard it. 
(This proword shall not be used to cancel 
any message that has been completely trans- 
mitted and for which receipt or acknowl- 
edgment has been received.) 

Stations called are not to answer this call 
receipt for this message, or otherwise to 
transmit in connection with this transmis- 
sion. When this proword is employed, the 
transmission shall be ended with the pro- 
word “OUT.” 


Carry out the purpose of the message or sig- 
nal to which this applies, To be used only 
with the Executive Method. 

Action on the message or signal which follows 
is to be carried out upon receipt of the 
proword EXECUTE. To be used only with 
the Executive Method. 

The addressee designations immediately follow- 
ing are exempted from the collective call. 


Numerals or numbers follow. 
Precedence FLASH. 
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Proword Menning 






The originator of this message is indicated 
by the address designation immediately fol- 


lowing. 

IMMEDIATE ------------ Precedence IMMEDIATE. 

МЕО The addressee designations immediately fol- 
lowing are addressed for information. 

I READ BACK _________ The following is my response to your instruc- 
tions to read back. 

I SAY AGAIN I am repeating transmission (or portion) indi- 
cated. 

СЭР ЬІ ссе. І shall spell the next word phonetically. 

IEVBRIEY: n The following message (or portion) has been 


verified at your request. and is repeated. To 
be used only as a reply to VERIFY. 
MESSAGE FOLLOWS .. І A message which requires recording is about 
to follow. (Transmitted immediately after 
the call.) 


NUMBER 1. Station Serial Number. 

ОПТ мышы ы This is the end of my transmission {о you 
and no answer is required or expected. 

ОЕ This is the end of my transmission to you 
and a response is necessary, Go ahead; 
transmit. 

PRIORITY |... Precedence PRIORITY. 

READ BACK Repeat this entire transmission back to me 
exactly as received. 

RELAY ТО Transmit this message to all addresses or to 
the address designations immediately follow- 
ing. 

ROGER е сз ыш. I have received your last transmission satis- 
factorily. 

ROUTINE -------------- Precedence ROUTINE. 

SAY AGAIN onneaan Repeat all of your last transmission. Fol- 


lowed by identification data means “Repeat 
2 (portion indicated).” 

The groups which follow are taken from Sig- 
nal book. (This proword need not be used 
on nets primarily employed for conveying 
signals. It is intended for use when tactical 
signals are passed on nontactical nets.) 

Cease transmission immediately. (Silence will 
be maintained until instructed to resume. 
When an authentication system is in force, 
transmissions imposing silence are to be 
authenticated.) 

SILENCE LIFTED ______ Resume normal transmissions. (Silence can be 

lifted only by the station imposing it or by 

higher authority. When an authentication 
system is in force, transmissions lifting 
silence are to be authenticated.) 
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Proword Meaning 


SPEAK SLOWER _______ Your transmission is at too fast a speed. 


Reduce speed of transmission. 

You are correct, or what you have transmitted 
is correct. 

This transmission is from the station whose 
designation immediately follows. 






THAT IS CORRECT ... 


THIS IS 


TIME — x That which immediately follows is the time 
or date-time group of the message. 
TO = The addressees whose designations immedi- 


ately follow are to take action on this mes- 
sage. 

The identity of the station with whom I am 
attempting to establish. communication is 
unknown. 


UNKNOWN STATION ... 


VERIFY __ TUNER Verify entire message (or portion indicated) 
with the originator and send correct version. 
To be used only at the discretion of or by 
the addressee to which the questioned mes- 
sage was directed. 

WAIT... ------------- I must pause for a few seconds. 

WAITOUT |. I must pause longer than a few seconds. 

WILCO ----------—-| I have received your message, understand it, 


and will comply. (To be used only by the 
addressee. Since the meaning of ROGER is 
included in that of WILCO, the two pro- 
words are never used together.) 
WORD AFTER |. I refer to the word that follows 
WORD BEFORE ________. I refer to the word that precedes --- 
WORDS TWICE Communication is difficult. Transmit(ting) 
each phrase (or each code group) twice. 
This proword may be used as an order, re- 
quest, or as information. 
Your last transmission was incorrect. The 
correct version is 





WRONG 





Section V. RADIO TELETYPEWRITER PROCEDURE 


103. General 


Radio teletypewriter (RATT) is a system of telecommunica- 
tions for the transmission of intelligence (or information) by 
direct action of a keyboard or perforated tape over AM radio cir- 
cuits. This same intelligence (or information) may be received in 
the form of page copy, perforated tape, or both. 


а. Advantages of field radio teletypewriter operations include, 
through the use of one mobile radio teletypewriter set, the avail- 
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ability of all three modes of radio telecommunication systems— 
radiotelegraph, radiotelephone, and radio teletypewriter. Trans- 
mission is possible over distances up to several thousand miles. 


b. Radio teletypewriter operators must be highly trained in all 
three methods of operations. They must maintain their proficiency 
in radiotelegraph operations and must use this mode of trans- 
mission when the quality of the circuit drops below that required 
for radio teletypewriter communication. 


c. Message format and the procedure for handling messages by 
radio teletypewriter are the same as that used for manual tele- 
typewriter operations, which are prescribed in ACP 126. Refer to 
paragraph 98 for procedure signs. 


104. Machine Functions 


a. Shift, Operators must always depress the “LTRS” key when 
going from upper case to lower case and the “FIGS” key when 
going from lower case to upper case. 


b. Carriage Return, The carriage return function (CR) resets 
the machine to the left margin of the paper. Two carriage return 
functions are used to insure the proper return of the carriage. 


с. Line Feed. The line feed function (LF) advances the paper 
vertically on the page teletypewriter. 


d. Space. The space function advances the typing unit laterally 
without printing a character on the page teletypewriter. 


е. Bell Signal. The bell signal attracts the attention of the re- 
ceiving operator when required and will be transmitted as a series 
of ten characters—upper case “J” and "S" as follows: “FIGS 
JJJJJSSSSS LTRS”, 


f. Warning Light. Tape perforating equipment is equipped with 
a warning-light to indicate the approach of the end of typing line. 


9. Margin Вей, Page printers equipped with keyboard facilities 
capable of operating directly into the line provide a margin bell 
to indicate the approach of the end of typing line. 


h. Specific Machine Functions, These functions are necessary to 
facilitate the handling of messages and to align receiving page 
teletypewriters. 

(1) All transmissions must be preceded by five spaces, two 
carriage returns, and one line feed. After a preliminary 
call has been made and answers thereto received, the 
transmitting operator will make two carriage returns 
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and eight line feed functions before transmitting a 
message. 

(2) The end of line functions will be two carriage returns 
and one line feed. 

(3) The separative function between pages of long messages 
is two carriage returns and eight line feeds. 

(4) The end of message functions are two carriage returns, 
eight line feeds, the letter N repeated four times, and 
twelve letters. When authorized by separate service in- 
structions, the end of message functions may be altered 
to require two carriage returns and twelve letters. 

(5) No line shall exceed 69 characters, including spaces, ex- 
cept when authorized for special purposes by separate 
service instructions. 


105. Punctuation 


a. Punctuation is not used unless it is necessary to the sense 
of a message. When it is essential to use punctuation, the follow- 
ing abbreviations and symbols are authorized. 







Punctuation 











Question Mark "ERTEILEN QUES 
Hyphen "m 


Colon 


"- s CLN : 
Parenthesis 22-2 () 
Period/Full Stop. . ааа ЗН : 
Comma___- VM , 
Slant/Oblique Stroke... 0 fee / 
Paragraph PE None 


Quotation Marks HM 


b. The letter “X” may be used in lieu of punctuation whenever 
exact punctuation is not considered essential, but when some 
separation in the text is necessary for clarity and this use of 
"X" is not ambiguous, The written phonetic equivalent of the let- 
ter “X” will not be used for this purpose. 


c. When a message is written in free hand, it may often be ad- 
visable to encircle the symbols for periods/full stops and commas 
to make them more conspicuous. 


Section VI. TACTICAL CALL SIGNS 


106. Purpose of Call Signs 
Call signs are used primarily for establishing and maintaining 
communications. They consist of any combination of characters 
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or pronounceable words that identify a communication facility, a 
command, an authority, or a unit. Periodic changing of call signs 
provides communication security for a brief period, depending on 
the amount of use and the quality of the enemy’s traffic analysis. 
Call signs that consist of four characters, such as 6869 or DN8Z, 
are authorized for radiotelegraph (CW) and manual teletype- 
writer (including radio teletypewriter), and are used for voice 
operation on AM equipment. Voice call signs that consist of pro- 
nounceable words, such as BUTTER DIESEL or ACHING 
BUNKER, are authorized for radiotelephone operators. 


107. Use of Call Signs 


There are many times when a headquarters is given a single 
call sign for use in the different nets in which the headquarters 
is required to operate, When a single call sign is used for opera- 
tion in both CW and radiotelephone nets, an assigned call sign 
such as XY24 is acceptable for radiotelephone use by pronouncing 
the letters phonetically; XRAY YANKEE TOO FOW-er. In some 
situations, when additional security is required, it is more de- 
sirable to use a different call sign for each net in which the sta- 
tion is to operate. 


108. Net Call Signs and Collective Calls 


When the attention of all stations in a radio net is desired, the 
net call sign is used. The use of this call sign facilitates net op- 
eration and is often used by the NCS to regulate net operation. A 
collective call is similar to a net call, but it is used to group two 
or more, but not all, of the net stations. A collective call is useful 
When several stations must be called frequently on matters that 
are of no concern to other net stations. 


109. Alternate Call Signs 


All call signs are changed periodically according to prearranged 
instructions. The period of time in which they remain in effect 
depends upon the degree of security desired. These instructions, 
With a scheduled list of call signs and alternate call signs, are 
published in the command SOI. A change of call signs involves 
a change in operating frequency, which is an additional counter- 
measure against enemy interception and traffic analysis. 


110. Assignment of Call Signs 


Care must be exercised in assigning call signs to individual 
Stations in the same radio net. The assignment of unsuitable call 
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signs can result in confusion and inefficient net operation. For 
example, similar call signs, such as 6P7X, 6P6X, or A67P, are 
difficult to distinguish during periods of poor reception. The 
wrong operator, hearing only part of the call, might assume that 
the call is. for him and add to the confusion by answering in 
place of the correct station, To avoid this, call signs should be 


assigned (within nets) with a minimum duplication of the same 
letters or numbers. 


Section УП. AUTHENTICATION 
111. General 


а. Authentication is a security measure designed to protect а 
communications system against fraudulent transmissions, There 
are many circumstances in which authentication must be used, 
depending upon the needs or desires of each command, The policy 


of the commander is published in the SSI. Authentication tables 
are contained in the SOT. 


b. There is more detailed information on authentication in 
KAG-24/TSEC, which should be held by all commands that pub- 
lish an SSI and SOI. This publicationis obtained through crypto- 
logistic channels. 


112. Authentication Challenge and Reply 


а. The chart below is a simple authentication table, The letters 
A to Z, printed in sequence on the left hand side of the table, are 
the row designators. The numbers 4 to 9, next to the letters, rep- 
resent those letters. For example, if either of the two test ele- 
ments of the challenge is a number such as 4, the adjacent letter 
E is used. 


b. Assume that an operator is challenged with two test ele- 
ments—HL. The correct method of authentication is to use the 
first letter to the right of the last test element. The following 
procedure is used to find the correct authentication. 

(1) Locate the first test element, H, in the column of row 
designators, 

(2) Scan across the row designated by H to find the second 
test element, L. 

(3) The “first letter to the right" of L is A. Therefore, A is 
the authenticator and the challenged operator would 
reply ALFA, 

c. If the second test element happens to be the last letter in the 
row, use the first letter in the same row as the authenticator. 
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Thus, U would be the authenticator if the test elements HO were 
used. 


FOR TRAINING PURPOSES ONLY 





Row 
desig- Sample authentication system No. 
nator effective 0001 to 2400 hr, 1 March 65 





fA ECBXKZOVJLMGSTFWIYADHPRQNU 
1B OTHPFWXKEDZYALNSCJVBQRMGIU 
2C XNCETSGQRPHDQYIBWMJLVUOZKF 
3D TZDEHWVJKXCAYUIGSRQOFBLNPM 
АЕ WDVRHKXYLNZGEUBCJSTPMFIAOQ 


5F MPNLBFOQRSGIUYACXNKJVWHEDZT 
6G JVUPCWOZYTKXSGQERIDAFMLNHB 
ТН UIGMRQBVJCSNLAYZDEKXWFPHTO 
81 BQRTMGIUHPFSYACWKNXLEDZOJV 
97 BHNKMFADIRQGSXLTYZOWPUVJEC 


KFMJPUNYBHOARXZVDTCGWESQLI 
QRDAMXLNHKUIVPCJBFOSWETZYG 
HGMLDYATSZKXBCOQRPIWJVEUNF 
VIOZDEKXNLWCAYSFPHUIGMTRQB 
ATJIVEVUOQRPYSZKXBCIWNFHGMLD 


MADIKTEQGVSOFBWHNLXYZJRCPU 
FNUEVIWIPRQOCBXKZSTYADLMGH 
ZNTSYJFUECXBKWHIRQOAVDLMPG 
GYZTEWSOFBJCPVIUKHNLXMADRQ 
QOAIFMPTSICBUEGZNLYXKHRVDW 


UPCRIZYXLNHWBFOSVGQETKIDAM 
GPMLDVAOQIHWKXBCEUFJYSTNZR 
UNQRPHDAYIWFTSGMLJVOZKXBCE 
ILQSEWGTDVCZXRAOHBYNUPJKMF 
DLMGHFNWICBXKZSYPRQOUEVJTA 
MPHOARLGWESQKJXZUNYBVDTCIF 


ааа 


FOR TRAINING PURPOSES ONLY 


Now dod HanovowzRen 


d. Operators in a net must avoid repitition of the same pair of 
test elements when challenging. An enemy agent intercepting 
transmissions from a friendly station will have no trouble in 
determining the significance of the authentication test elements. 
Once he has learned the proper reply to a set of test elements, he 
can use imitative deception to enter the net. Thus, carelessness 


on the part of the operator can result in compromise of the 
authentication system. 
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Section VIII. WORLD TIME ZONES AND 
TIME CONVERSION TABLE 


113. General 


The date and time in messages are expressed as six digits, fol- 
lowed by a time zone suffix. The first pair of digits denotes the 
date, the second pair the hour (24-hour clock), the third pair the 


minutes. Example of a date time group with a zone suffix is 
2011327. 


114. Greenwich Civil Time 


Greenwich Civil Time (GCT) is accepted as the basis for 
measuring time throughout the world. The time zone suffix 4, 
which expresses GCT time, follows immediately the last digit of 
the date time group. Any other suffix letter, used after a four- 
digit time group, indicates the zone in which the local time is 


expressed, The proper suffix can be determined from the time 
zone map (fig. 51). 


Figure 51. World time zone map. 
(Located at back of manual) 


115. World Time Zone Map 


Numerals in the lower portion of the time zone map (fig. 51) 
indicate the difference in hours between local time and Z time. 
Local civil time can be changed to Z time by adding or sub- 
tracting the appropriate number of hours indicated in the time 
zone map. Deviation in times from those shown in figure 51 may 
occur because of local policies or conditions. 


116. Time Conversion Table 


A time conversion table (fig. 52) is used to convert local time 
in one zone to local time in any other zone. The vertical columns 
indicate specific time zones. When the time is known in any of 
the time zones, the corresponding time in any other zone can be 
determined by using the horizontal columns. Time in the shaded 
area to the right of the chart is one day (24 hours) later; to the 
left is one day (24 hours) earlier. To use this conversion table, 
proceed as follows: Assume that the local time in R time zone 
(1600 hours, l7th day) is to be converted to local time in the А 
zone. Find 1600 in column R and proceed across the horizontal 
column to the same line in column 2. The local time іп the 4 zone 
is 2100 hours on the 17th day. If I zone rather than 2 zone is 
desired, the local time in I zone is 0600 on the 18th day. 
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Section IX. RADIO NETS 
117. General 


Field radio stations are normally grouped into nets according 
to the requirements of the tactical situation. Each net is assigned 
one or more definite frequencies on which to operate. 


a, For the purpose of controlling a radio net, one station, usu- 
ally the one serving the highest headquarters within the net, is 
designated the net control station (NCS). The authority of the 
NCS covers only the operation of the net and its discipline while 
on the air and during periods of listening silence. 


b. Since the NCS has responsibility for maintaining communi- 
cation discipline within the net, the NCS operator has the au- 
thority to exercise the degree of operational control deemed 
necessary to insure the most efficient use of the net’s assigned сіг- 
cuits. However, he does not have a voice in the internal admin- 
istration of a station, its tactical operation, or its movement. For 
example: the brigade NCS of an infantry unit cannot prescribe 
locations for battalion stations in the net nor can the NCS op- 
erator prescribe the hours at which station operators will be 
relieved by other operators. These and similar administrative 
functions are controlled by each unit concerned. Figures 53 and 
54 illustrate organizations of typical radio nets. 


118. Net Control 


The authority of the NCS is absolute within its scope of (есі 
nical control. It opens and closes the net, controls transmissions 
and clears trafie within the net, corrects errors in operating 
procedures, gives or denies permission for stations to enter or 
leave the net, and maintains net discipline. The extent of control 
exercised by the NCS varies according to operating conditions. 
In a net where experienced operators are passing traffic smoothly, 
little formal control is required. When the volume of traffic is 
great and operators are less experienced, the NCS may be re- 
quired to exercise firm control to keep the net organized and 
traffic flowing in an orderly manner. 


119. Types of Nets 


а. In a free net, traffic is exchanged without prior permission 
from the NCS. 
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Figure 53. Typical company radio net. 


b. In a directed net, stations obtain permission from the NCS 
before transmitting. When more than one station has traffic to 
transmit in a directed net, the NCS decides which station has 
priority, according to the precedence involved. 


120. Functions of the NCS 


a. To Open a Net. To open a net, the NCS sets its transmitter 
frequency to the assigned net frequency. Using the net call, the 
NCS calls the stations assigned to the net and identifies itself as 
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Figure 52. Typical battalion radio net. 


the NCS. After the called stations reply in alphabetical order, the 
NCS states that their transmissions have been heard. The NCS 


then declares the condition of the net (free net, directed net, 
listening silence, etc.). 


b. To Close a Net, To close a net, the NCS uses the net call and 
declares that the net is closed. If the net is to re-open later, the 
NCS informs the stations of the net at what time and on what 
frequency the net will re-open. This information may be set up 


by a prearranged message code, or by reference to an SOI that 
contains the information. 


c. To Admit a Station to the Net. When a station desires to 
join an existing net, it is required to request permission from 
the NCS to do so. The station first transmits the NCS station 
call sign, and then transmits its own call sign. After the NCS 
acknowledges the call, the requesting station states its reasons 
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for desirinz admission to the net. The NCS will challenge the 
station with test elements of the authentication system to verify 
the identity of the station. After the identity of the station is 
established, the NCS will either grant or refuse the request. This 
decision is rendered after the NCS considers the validity of the 
station’s reason for entering the net. 


d. To Release a Station from the Net. A station desiring to 
leave the net will call the NCS and request permission to do so. 
NCS will grant permission if the reason for the request is valid. 


e. To Monitor the Net. The NCS keeps its receiver on the air 
at all times to monitor the net, If any station violates the net op- 
erating procedures, the NCS corrects the infraction, The NCS 
also keeps constant watch on the flow of message traflic within 
the net and is prepared to take necessary action to expedite mes- 


sage traflic when there is a conflict or interference among sta- 
tions, 


f. To Control and Schedule Transmissions. When trafie within 
a net is heavy, the NCS may be required to exercise close control 
over the transmissions and disciplinary control to prevent un- 
necessary transmissions. The NCS may also establish daily sched- 
ules for routine traffic and direct the net in such a manner 2l 


the most important messages are transmitted in order cf prec 
dence. 


9. To Impose or Lift Listening Silence. The NCS upon authori- 
zation by competent authority, will impose listening silence or 
lift listening silence when the tactical situation requires it. The 
NCS imposes listening silence by calling all stations of the net 
and informing them that listening silence is in effect, It is then 
the responsibility of the NCS to insure that no transmissions take 
place within the net until listening silence is lifted. To lift listen- 
ing silence, the NCS calls the station or stations permitted to 


transmit and states the conditions under which listening silence 
is lifted. 


h. To Direct the Net. When traflic is heavy, or when operators 
are inexperienced in handling net traffic, the NCS may order a 
directed net. In this case, no station will transmit without first 
calling the NCS and requesting permission to transmit. The NCS 
may require the station to state the nature and class of the mes- 
sage, and its destination, before granting permission for trans- 
mission. Under the condition of a directed net, the NCS will also 
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establish the net procedures to be followed by all stations in 
the net. 


121. Tuning to Net Frequency (Netting) 


To communicate from опё radio station to another, the radio 
receiver must be tuned to the frequency at which the distant radio 
transmitter is sending. With certain types of radio equipment, 
the frequencies or channels are usually preset by maintenance 
personnel; other radio sets may require presetting or tuning to 
the assigned frequency by the operators. It is important to tune 
the radio set to the exact frequency. The NCS uses a standard, 
such as a frequency meter or a crystal-controlled oscillator, to 
insure that the frequency of its net is correct. When operating 
a secondary or subordinate station in a net, the receiver is tuned 
to the NCS transmitting frequency and then the receiver is used 
as the standard to tune the transmitter. The NCS is responsible 
for having its transmitter tuned to the assigned frequency, Each 
subordinate station must tune to the NCS even if the NCS is off 
frequency. In such instances, the subordinate station should in- 
form the NCS. For further information, refer to ACP 124B, 
ACP 125B, and ACP 126. 


Section X. STATION SOP 


122. General 


Radio stations should establish operating procedures for the 
handling of messages and the maintenance of station records. 
These station operating procedures are established to meet the 
requirements of the unit or organization served by the station. 


123. Message Preparation 


a, All messages should be written out before transmission in 
order to use circuit time more efficiently and to provide a record 
copy of each message. Military messages should be written as 
concisely as possible without losing clarity. 


b. Message forms should be used when available. These are 
issued in book form for use by field units in tactical operations. 
The Field Message Book, M-210, is procured from AG publica- 
tions sources as DÀ Form 11-170. 


c, Information on message writing is contained in AR 105-31 
and FM 24-17. Information on message precedence is included in 
ACP 121 US SUPP (A)-1 (CLASSIFIED). 
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124. Operator's Duties 


с. The radio operator must always use the prescribed radio 
procedure. Unauthorized changes in procedures invariably create 


confusion, reduce reliability and speed, and decrease communi- 
cation security. 


b. Before an operator turns over his station to the operator 
who relieves him, he should pass on to his relief special orders 
and information concerning the station. This should include all 
necessary or useful information concerning messages awaiting 
transmission, changes in radio net organization, performance of 


the equipment during the previous period of operation, and other 
pertinent data, 


а Before taking over the station, the relieving operator should 
check the transmitter and the receiver to insure that they are in 


efficient operating condition and are properly tuned to the as- 
Signed frequency. 


4. Radio operators will improve radio communication if they 
observe the following general rules: 


(1) 


Listen prior to transmitting to avoid interference with 

the transmissions of other stations. 

(2) Make transmissions as brief as possible to keep the net 
clear for traffic. 

(3) Send call signs clearly and accurately. 

(1) Transmit at the speed of the slowest operator in the 
net. 

(5) Maintain an alert watch for net and station calls, and 
reply promptly to all transmissions requiring a reply. 

(6) Operate at the minimum power required to maintain 
communication with all stations in the net. 

(7) Use only prescribed radio procedures, and conform with 

the regulations for maintaining transmission security. 


125. Operator's Number Sheet 


а. The Operator's Number Sheet (DA Form 11-53) (figs. 55 and 
56) is used by the radio operator to keep a record of incoming 
and outgoing messages. These numbers can be used conveniently 
as station serial numbers. The station serial numbers should not 
be transmitted with the message; they are used to assist in 
handling, recording, and checking traffic within a station. 


b. Each radio station should maintain a separate series of sta- 
tion serial numbers for each station with which it communicates. 


AGO 50938 105 


Enter opening and closing time, frequencies, frequency checks and frequency changes, traffic delays and any incidenta or eondi- 
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Figure 56. Back of operator's number sheet. 


A new series of numbers should begin at 0001 hours local or 
Greenwich time, as directed by the commander. Whenever call 


signs are changed, a new series of station serial numbers is 
started. 
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Figure 57. Remote control operation. 


AGO 5093B 107 


126. Station Log 


а. A station log, which should be maintained by radio operators 
at all radio stations, is provided on the reverse side of the op- 
erator's number sheet (fig. 56). This log should provide a record 
of operating conditions during the period of operation. Included 
in this log are the following: 

(1) The time of opening and closing the station or circuit. 

(2) Causes of delays on the circuit. 

(3) Frequency adjustments and changes. 

(4) Unusual occurrences, such as procedure and security 
violations. 

(5) Natural interference or jamming. 

(6) A brief description of equipment performance. 


b. When opening a circuit or starting a new day, the operator 
will write or type his name and grade in full on the first line of 
the operator's sign column of the log. Where an operator is re- 
lieved or closes the circuit, he will sign immediately after the last 
entry made on the log. The relieving operator will write or type 
his name and grade in full on the next line of the log. 


c. Log entries will not be erased. Changes will be made by 
drawing a single line through the original entry and inserting the 
change or changes to the lined out entry. Such changes will be 
initialed by the operator who makes them. 


4. Maintenance of the log should not interfere with the move- 
ment of traffic. 


Section ХІ. COMMUNICATION SECURITY 
127. General 


a, Communication security includes all measures taken to deny 
the enemy or other unauthorized personnel information that 
might be derived from communications. 


b. Instructions governing communication security do not in 
themselves guarantee communication security or meet every con- 
ceivable situation, because operational requirements may limit 
the security measures that can be used. They do, however, make 
it possible to obtain a satisfactory degree of security by the sen- 
sible application of security rules. 


128. Responsibility 


а. Communication security is a responsibility of command. 
Thus, each commander must establish and supervise а positive 
program for communication security in his unit. This program 
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is normally based upon the policies of the commander, directives 
from higher headquarters, the communication requirements in 
the unit, and the tactical situation. 


b. It is also the responsibility of all military personnel to de- 
velop a positive approach to communication security. This in- 
cludes the application of all measures that are required to 
guarantee successful communication security. 


129. Physical Security 


a. General. Physical security is the safeguarding of communi- 
cation equipment and materials from unauthorized persons. Each 
radio station must be physically secure, since this will enable the 
radio operators to use and handle information and materials 
without fear of disclosure to unauthorized persons. 


b. Site Requirements, Radio sites should have maximum physi- 
cal security. 
(1) Location. A 


radio site should be readily accessible to 
the command. 


(2) Station construction, A radio station should be con- 
structed for maximum physical security with a mini- 
mum expenditure of personnel, time, and materials. 
Special constructions, such as fenced-in areas, barriers, 
and mine fields, can be used to increase physical security. 

(3) Safeguard. The radio station should have armed guards 
and weapons to provide maximum resistance to forceful 
entry by unauthorized persons. A radio station should 
also have emergency destruction materials, such as in- 
cendiaries and kerosene. The requirements for these ma- 
terials are greatest in the combat zone, or in areas where 
contact with the enemy is imminent. 

(4) Air, CBR, or nuclear attack. A radio station should pro- 
vide defense against air, CBR, or nuclear attack for 
both personnel and equipment. 


c. Classified Materials. The following security measures should 
be enforced for adequate physical security of classified materials: 
(1) Provide access to classified material only to persons who 
possess a proper security clearance and require knowl- 
edge of the material in their official duties. 
(2) Maintain strict accountability for classified material, as 
required by regulations. 
(3) Report compromise or possible compromise of classified 
materials. 
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(4) Provide proper storage for classified materials that are 
not being used. 

(5) Transfer classified materials according to existing regu- 
lations. 

(6) Initiate a destruction plan for classified equipment and 
materials, 


130. Transmission Security 


а. General. Transmission security includes all security meas- 
ures used to protect transmissions from interception, traffic 
analysis, direction finding, and imitative deception. Since every 
means of transmission is subject to interception, protective meas- 
ures must be taken to keep to a minimum the information ob- 
tainable by the enemy. The relative security of one means of 
transmission over another varies with the circumstances. Trans- 
mission security is improved by practicing the following security 
measures: 

(1) Make transmissions as short as possible. 

(2) Adhere to authorized transmission procedures. Change 
procedures only when so directed by proper authority. 

(3) Train operators to practice circuit discipline. 

(4) Provide defense against interception апа direction 
finding. 

(5) Provide defense against traffic analysis. 


b. Checklist for Radio Transmission Security. A transmission 
security checklist for radio operators should cover the following 
points: 

(1) Is listening silence being violated? 

(2) Is unofficial conversation (chatter) being exchanged be- 
tween operators? 

(3) Are transmissions taking place in a directed net without 
permission? 

(4) Is the operator's personal sign being transmitted? 

(5) Are classified call signs being compromised by their 
association with plain language designations? 

(6) Are prosigns or operating signals being used ex- 
cessively? 

(7) Is plain language used instead of authorized prosigns 
and operating signals? 


(8) Are the operators using unauthorized and incorrect pro- 
cedures? 
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(9) Are there any unnecessary transmissions, including ex- 
cessive testing? 
(10) Is the identification of units or individuals being dis- 
closed in transmissions? 


(11) Are calls being transmitted excessively? 


(12) Are the transmitting operators sending too fast for the 
receiving operators to receive? 

(13) Is excessive transmitting power being used? 

(14) Are transmitters being tuned with the antenna con- 
nected? 


(15) Is excessive time consumed in tuning, changing fre- 


quency, or adjusting equipment? 


(16) If the answers to all of the above questions are negative, 


the radio operator is complying with transmission se- 
curity measures. 


Section ХИ. REMOTE CONTROL OPERATION 
131. Application 


а. Remote control equipment is used to permit keying the 
transmitter of а radio set while the operator is located at a point 
some distance from the set itself. In combat areas, a radio op- 
erator can be in a fox-hole, dugout, or other location sheltered 
from enemy fire, while his radio set and antenna are at a more 
exposed site suitable for satisfactory radio transmission. 


b. Remote control equipment includes two units. One is located 


at the site of the radio set, and the other is located at the remote 
control point (fig. 57). 


132. Radio-Wire Integration 


Division, corps, and army communication systems usually con- 
tain both radio and telephone facilities. To provide proper com- 
munications to all mobile, airborne, and stationary units, these 
facilities have been interconnected by means of FM-voice radio- 
wire integration stations. The interconnection between a radio 
set at a radio-wire integration station and an area communication 
system switchboard is made through an AN/GSA-T radio control 
set with а 5- to 10-pin adapter cable CX-7474/U and an SB-22/ 
PT switchboard, By using the AN/GSA-T, the distance between 
radio and telephone equipment has been extended from 3.2 KM 
to 16 KM. Also, the AN/GSA-~7 provides ringing facilities in both 


directions, thus eliminating the necessity of monitoring the cir- 
cuit at either end. 
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а. At division level, a radio-wire integration station is operated 


at each signal center, except at division rear. Each station may 
be used— 


(1) 


(4) 


(5) 


(9) 


(10) 
b. At 


To establish emergency communication between mobile 
ЕМ radio stations and elements connected to the division 
area telephone system by telephone. 


To establish communication between FM radio stations 
separated by distances that are beyond the direct op- 
erating range of their FM radio sets. 

зу the commanding general, division staff, and other 
designated key personnel (fig, 58) in the division when 
operating from a mobile CP, to contact division elements 
connected to the division area communication system. 
For initial establishment of telephone service from the 
division area communication system to using units. 
For voice communication between mobile combat ele- 
ments in the division forward area and supporting divi- 
sion logistic elements in the rear area. 

For communication between low-flying Army aircraft 
operating in distant parts of the division area and air- 
strips of flight control elements connected to the division 
area communication system, when direct FM radio con- 
tact cannot be maintained. 

For communication between forward air controllers and 
the air liaison officer's communication facilities, when 
these facilities are connected with the division area com- 
munication system. 

To keep commanders and staffs in contact with sub- 
ordinate and higher headquarters, as required, during 
the displacement of CP's. 

To connect two switchboards and to span a break in a 
wire line between units. 

For communication during river crossings. 


corps level, mobile stations provide radio-wire integra- 


tion facilities at corps main and corps alternate signal centers. 
The wire circuits from each station connect directly with the tele- 
phone central oflice of the army area signal center at which it is 


located, 


c. At army level, radio-wire integration facilities are provided 
at each army area signal center. The army radio-wire integration 
stations may be used in a manner similar to the division stations 
(a above). 
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CHAPTER 8 
RADIO OPERATION UNDER UNUSUAL CONDITIONS 





Section |. INTRODUCTION 
133. General 


Unusual terrain and extreme climatic conditions have a signifi- 
cant effect upon radio communications. They will cause radio 
operators to deviate from the usual or normal operating tech- 
niques. 


134. Personnel and Equipment 


a. Radio personnel required to operate radio sets under unusual 
terrain and extreme climatic conditions should be given special 
training to prepare them to perform under those conditions, In 
addition, they should be given training in how to survive under 
adverse climatic conditions. 

b. Radio sets that are to be operated under adverse conditions 
may require modifications and above-normal maintenance. These 
nodification and maintenance requirements are covered in the 
ippropriate equipment manual. 


Section Il. RADIO COMMUNICATION IN ARCTIC AREAS 
135. General 


Radio communieation has certain capabilities and limitations 
that must be carefully considered in connection with operations 
in arctic regions, In spite of its limitations, radio is the normal 
means of communication in the arctic. 

a. Capabilities. One of the most important advantages of radio 
in the polar regions is its mobility. Vehicle-mounted radios can 
be moved to almost any point where it is possible to install a 
command headquarters, and smaller radios can be manpacked 
to any point that is accessible only to foot troops. In addition, a 
radio set is smaller, lighter, and more easily installed than other 
means of communication required to give the same range and 
service. 
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b. Limitations. Топоврһегіс disturbances, known as ionospheric 
storms, have a definite effect on sky-wave propagation in polar 
regions. These storms, which are in the form of magnetic storms 
or auroral activity, can cause complete failure of radio communi- 
eation for varying periods of time. Some frequencies may be 
blocked out for weeks, and the frequencies available will not 
always permit operators to shift to an unaffected frequency. 


136. Installation 


Whenever possible, radio sets for tactical operations should be 
installed in vehicles to reduce the problems of transportation and 
shelter for operating personnel. Patrols and small units that move 
on foot in the arctic should be provided with radio sets that can 
be carried on packboards or pulled in sleds. 


a, Grounds, Because of permafrost, it is difficult to establish 
good electrical grounds in the arctic. The frozen ground makes 
installation of ground stakes quite difficult, and the conductivity 
of frozen ground is often too low to provide a good electrical 
conductor, Therefore, counterpoises are used extensively as 
grounding devices in arctic areas. 


b. Antennas. In general, no serious difficulties are experienced 
in installing antenna equipment for arctic operations. However, 
installation time may be increased because of the adverse working 
conditions. 

(1) The mast sections and antenna cables must be handled 
very carefully, since they become brittle at arctic 
temperatures, 

(2) Whenever possible, antenna cables should be constructed 
overhead to prevent damage from heavy snow falls and 
frost. Nylon rope guys, if available, should be used in 
preference to cotton or hemp, since nylon does not 
readily absorb moisture and is less likely to freeze and 
break. 

(3) Because of the poor conductivity of snow and frozen 
ground in the aretic, counterpoises are required ыа 
almost all radio installations. The counterpolse system 
should be installed high enough above the ground w 
insure that it will not be covered by deep snow. Deep 
snow on top of the system will change the antenna 
tuning. "TP 

(4) Antennas must be strong enough to withstand high ice 


А й ё ria- 
ind wind loading, as well as great temperature va 
tions. 
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137. Operating 


Radio operation in regions of snow and extreme cold presents 
many difficulties. However, most of these difficulties can be over- 
come by thorough training of personnel and the proper selection 
of radio equipment and frequencies. 


а. Auroral Disturbances. Most operating difficulties are the 
result of auroral disturbances that cause excessive static, fading, 
or complete blackout of radio communications. 

(1) Excessive static frequently accompanies or immediately 
follows an auroral display. This is probably caused by 
the excessive ionization of the ionosphere. 

(2) Blackouts and fading, which may last for minutes, hours, 
days, or even weeks, are probably caused by changes т 
the density and height of the ionosphere. These changes 
affect the height at which the signal is ref racted, thus 
causing the signal to return to earth at varying loca- 
tions, Thus, it may be difficult or impossible to select a 
frequency that will insure continuous communication, 


b. Frequency Selection. Low-frequency circuits (100 to 500 
KC) provide the best medium for long-distance, point-to-point 
radio communication, because the low-frequency ground wave is 
not too seriously affected by auroral disturbances. Very high- 
frequency circuits (30 to 300 MC) are best for shorter distances 
(up to 50 miles (80 KM)). When using sky-wave onam pli 
the selection of the frequencies to be used is important. Шат 1 
cases, many widely separated alternate frequencies shou зе 
provided. 


138. Maintenance 


Maintenance of radio equipment in extreme cold presents many 
difficulties, Sets must be protected from blowing snow, since Snow 
Will freeze to dials and knobs or blow into the wiring ч fully, 
Shorts and grounds. Cords and cables must be handled carefully, 
since they may lose their flexibility in extreme cold and become 
brittle. All radio equipment, including power units, must be prop- 
erly winterized. . 

a. Power Units. As the temperature goes down, it ресошез d 
creasingly difficult to operate and maintain gasoline-driven power 
units. They should be installed in portable heated shelters to in- 
sure that the unit will operate when required. 


b. Batteries. The effect of arctic conditions on storage and ary 
batteries depends upon the following factors: the type and kind 
of battery; the load on the battery; the particular use of the 
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battery; and the degree of exposure to cold conditions. However, 
there are dry batteries that have been developed and manufac- 
tured specifically for use in arctic operations. These batteries pro- 
vide more efficient operation under extreme cold conditions than 
normal-issue batteries. Storage and dry batteries can be stored 
in heated shelters or in boxes warmed by a hand warmer or 
similar device. Batteries that are in use may be kept warm by 
using a heating device inside the battery container of the equip- 
ment. Batteries used with portable equipment may be carried 
next to the operator's body for warmth. Batteries no longer serv- 
iceable for outdoor use may be used indoors if they are reacti- 
vated by thorough warming. 


с. Shock Damage, Extensive damage can be done to vehicular 
radio sets by the jolting of the vehicle. Most synthetic rubber 
shock mounts become stiff and brittle in extreme cold and fail 
to cushion equipment. 


4. Moisture. Condensation, which may collect inside the radio 
sets as a result of temperature changes, may cause failure of 
radio equipment. While in operation, the equipment becomes 
warm; it becomes cool when not in use. This change in tempera- 
ture will cause condensation on contacts and wiring. 


е. Winterization, When winterizing radio equipment, there may 
be certain parts that must be replaced because of their inability 
to function properly at low temperatures. Normal lubricants must 
be replaced with the proper arctic lubricants, because normal 
lubricants may solidify and cause undue wear or difficult op- 
eration. 


f. Changes in Performance. The electrical characteristics of 
parts, such as capacitors and resistors, may change under con- 
ditions of extreme cold. 


0. Personnel. Additional maintenance personnel will be needed 
to meet increased maintenance requirements in the arctic. How- 
ever, this number can be kept to a minimum by training radio 
operators in maintenance techniques. Since the lack of transporta- 
tion and the employment of small independent forces often 
preclude the use of normal maintenance and repair channels, 
personnel must be assigned to the lower echelons of command to 
provide maintenance support. Whenever possible, maintenance 
personnel should accompany task forces to perform on-the-spot 
maintenance of radio equipment. 


h. Shelter and Heat. If possible, heated shelters should be pro- 
vided to protect maintenance equipment and personnel from 
extreme cold. Repair vans, in excess of normal allowances, may 
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be required to furnish shelter and heat, and to provide the mo- 
bility necessary in fast-moving tactical situations. 


i. Microphones and Transmitters. Moisture from the breath 
may freeze on the buttons and perforated cover plates of micro- 
phones, thereby rendering the microphones inoperative. Standard 
microphone covers should be used to prevent this. If standard 
covers are not available, a suitable cover can be improvised from 
thin rubber or cellophane membranes, or from cloth, such as 
rayon or nylon fabric. 


j. Mechanical Malfunctioning. The various metals іп radio 
equipment contract differently in extreme cold. This may cause 
binding or locking of mechanical trains. Plugs, jacks, keys, shafts, 
bearings, dials, and switches are subject to malfunctioning be- 
cause of this difference in the amount of contraction. 


k. Breathing and Sweating, 

(1) A radio set will generate heat when in operation, As the 

air inside the radio set cools, it contracts and draws 
cold air into the equipment from the outside, This is 
called breathing. When a radio set breathes, and the hot 
equipment comes in contact with subzero air, the glass, 
plastic, and ceramic parts of the set may cool too rapidly 
and break. 
When cold equipment is brought suddenly into contact 
with warm air, moisture will condense on the equipment 
parts, This is called sweating. Before cold equipment is 
brought into a heated room or shelter, it should be 
wrapped in a blanket or parka to insure that it will 
warm gradually. Equipment must be thoroughly dry be- 
fore it is taken into the cold air, or the moisture will 
freeze. 


= 
го 
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Section ІІ. RADIO COMMUNICATION IN JUNGLE AREAS 
139. General 


Radio communication is seriously limited by dense jungle 
growth. 

а. The operating range of short-range, tactical radio sets in 
the jungle varies from 10 to 60 percent of the range for open 
or lightly wooded areas. 

b. Because of poor transportation facilities, large and power- 
ful radio sets will usually be used only in rear areas, or at sites 
immediately adjacent to roads, trails, paths, or navigable water- 
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ways. depending upon the density and moisture content ef the 
vegetation. 


с. Field radio sets used in the jungle must be given great care 


because of the damage resulting from heat, moisture, fungi, or 
insects. 


140. Long-Range Communication 


Long-range radio communication in the jungle is possible only 
when the antenna is clear of surrounding jungle growth. When 


antennas are so sited, long-range communication is similar to that 
for any other military operation. 


141. Line-of-Sight Communication 


Line-of-sight communication is used when dense jungle growth 
makes ИЕ ground wave transmission impossible, 


142. Installation 


а. Antennas, A radio antenna must be correctly sited for maxi- 
mum efficiency, However, military considerations may require 
the use of other than the best antenna sites. The following rules 
are useful guides when siting radio antennas and for improving 
radio communication in the jungle: 

(1) Antennas should be located on hills overlooking the sur- 
rounding terrain and jungle growth. 

(2) Antennas should be located in clearings on the edge 
farthest from the distant st: The clearing should 
extend at least 100 yards from the antenna in the direc- 
tion of the distant station. 





(3) 


Directional antennas should be oriented in straight-line 
paths, When intervening jungle growth or terrain masks 
the straight-line transmission path, the antenna can be 
oriented slightly off-course, particularly when the off-set 
course path is unobstructed, 





(4) Antennas should be located as high as possible when the 
antenna site is located directly behind an intervening 
terrain mask. If feasible, tie the radio set to the top of a 
tree and operate it from that location by remote con- 
trol. Slight tilting of an antenna away from the direc- 
tion of the distant station also will help to breach an 
obstacle. 

(5) Antennas should not be located in narrow valleys or 
between ridges or stretches of high jungle growth. 
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(6) Antenna cables and connectors should be kept off the 
ground to lessen the effects of moisture, fungi, and in- 
sects. This also applies to all power and telephone cables. 

(7) Complete antenna systems, such as ground planes and 
dipoles, are more effective than fractional wave-length 
whip antennas. 

(8) Vegetation, particularly when wet, will act much like 
vertically polarized antennas and absorb much of a ver- 
tically polarized radio signal. Therefore, horizontally 
polarized antennas must be used in preference (о ver- 
tically polarized antennas. 


b. Sites. Jungle growth must be cleared from antenna sites. If 
an antenna touches foliage, the signal will be grounded, especially 
during the rainy season. 


с. Shelter. When mobile shelters are not available, tents or 
shacks should be erected to house radio stations. Floors should 
be built in these shelters to hold equipment off the damp ground 
and away from moisture, fungi, and insects. "These shelters 
should be so constructed that air will circulate about the installed 
equipment. 


143. Operation 


Tropical rains, heat, fungi, and insects combine to produce 
major problems in the operation of radio equipment. As a result, 
the effective operation of radios in the jungle depends to a great 
extent on the training, resourcefulness, and perseverance of the 
individual operators. 


144, Maintenance 


Because of moisture and fungus growth, maintenance of radio 
sets in tropical climates is more difficult than under temperate 
climatic conditions. The high relative humidity causes condensa- 
tion to form on the equipment. This is especially true when the 
temperature of the equipment becomes lower than the surround- 
ing air. To minimize this condition, keep the sets turned on or 
place lighted electric bulbs near the equipment. 


Section IV. RADIO COMMUNICATION IN DESERT AREAS 
145. General 


Radio is usually the primary means of communication for 
military operations in the desert. It can be employed effectively 
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in desert climate and terrain, and it furnishes the highly mobile 
means of communication demanded by widely dispersed forces 
operating in a fluid situation. 


146. Electrical Grounds 


Desert terrain provides poor electrical grounds. Unless cor- 
rective action is taken, the communication range of radios will 
be greatly reduced. The adverse effects of poor electrical grounds 
may be overcome through the use of a counterpoise. 


147. Antennas 


а. For the best results in the desert, radio antennas should be 
located on high ground immediately overlooking the surrounding 
terrain. At frequencies from 1 to 20 MC, the best range can be 
obtained when antennas are located near oases or subterranean 
water. These antennas should be equipped with counterpoises. 


b. Transmitters using whip antennas in desert terrain will lose 
one-fifth to one-third their normal range. For this reason, it is 
important to use complete antenna systems, such as horizontal 
dipoles and vertical antennas with adequate counterpoises. 


148. Operation and Maintenance 


а. In the operation of radio sets in desert areas, the mainte- 
nance problem is increased by the large amounts of sand, dust, 
or dirt that enter the equipment. Sets equipped with servo- 
mechanisms are particularly affected. To reduce maintenance 


downtime, keep the sets in their dustproof containers as much 
as possible. 


b. Preventive maintenance cheeks should be made frequently. 
Particular attention should be given to the lubrication of equip- 
ment, since excessive amounts of dust, sand, or dirt coming into 


contact with oil and grease will produce grit that can damage 
the equipment, 


Section V. RADIO COMMUNICATION IN 
MOUNTAINOUS AREAS 


149. Limitations 


The installation, operation, and maintenance of radio equip- 
ment in mountainous areas is difficult. Terrain masks and ex- 
treme and rapid changes in weather and temperature often 
interfere with continuous communication, There is an additional 
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problem in keeping radio sets and dry batteries operative and 
free of condensation. 


150. Installation 


а. Directional antennas should be oriented at small angles off 
the straight-line course when high mountains lie in the straight- 
line transmission path, 

b. Valleys and gaps should be used for transmission paths be- 
tween mountains, 

c. When siting a radio station directly behind a high, inter- 
vening mountain mask, the antennas should be located on the 
highest ground possible. 

d. The antenna cables should be elevated above the ground to 
insure that they will not be buried in the snow or frozen to the 
ground. This applies also to all power and telephone cables, 

c. The antenna joints and cable connectors should be kept out 
of snow and water. 

f. During the winter, the metal mast sections and antenna 
cables should be handled carefully, since they become brittle at 
low temperatures, 

g. When the ground is frozen, counterpoises should be installed 
for antennas. 

h. Antennas should be located on the top or the forward slope 
of a mountain, If possible, they should be high enough to provide 
line-of-sight paths. 

i, Complete antenna systems, such as ground-planes or dipoles, 
are more effective than fractional wavelength whip antennas, 
especially when operating over snow or frozen ground, 

j. The use of relay stations in mountainous areas provides 
communication beyond the range of HF ground waves. 

(1) Radio relay terminals should be located on high peaks, 
thus allowing line-of-sight transmission. 

(2) To solve special communieations problems, aircraft may 
be used to relay messages between radio stations that 
cannot communicate with each other. 

(3) Relay stations located at critical points will provide 
radio communications between terminal stations. This 
will reduce the length of each radio link and the noise- 
to-signal ratio. However, the use of relay stations will 
increase the total number of sets used. These additional 
sets add to the transportation difliculties and produce a 
requirement for an increased number of specialized 
technicians to install, operate, maintain, and repair the 
radio equipment. 
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CHAPTER 9 
RADIO FREQUENCY ALLOCATION AND ASSIGNMENT 





Section І. CONTROL OF RADIO OPERATING FREQUENCIES 


151. Interference 


If all radio sets in a division attempted to operate on the same 
personnel, radio communication would become extremely іш- 
practical if not impossible. When two or more radio transmitters 
are operated at the same time on the same frequency channel, 
a jumble of distorted and unintelligible signals is received at the 
receiving station. This type of interference can occur easily be- 
tween net stations that are required to operate on the same fre- 
quency, The NCS normally can minimize such interference by 
regulating transmissions within the net. Since some radio waves 
travel for many miles in all directions, unintentional interference 
to other nets can easily occur unless the transmissions of all sta- 
tions are governed by strict controls and operating frequencies 
are selected carefully. 





152. Spectrum Utilization 


The ideal arrangement for providing interference-free radio 
communication is to assign a different operating frequency 10 
each radio net. Unfortunately, the number of available radio 
channels is limited. Only a small portion of the radio frequency 
spectrum is suitable for tactical radio communication. The usable 
portion is further limited because each radio channel occupies a 
band of frequencies rather than a single frequency, A CW radio 
or radio telety pewriter signal oceupies approximately 1 KC of the 
spectrum, an AM voice channel uses 10 KC, an FM voice channel 
occupies 50 to 100 KC, and a television channel requires 6,000 
КС. In addition to the spectrum space actually occupied by the 
radio signal, additional separation between adjacent radio chan- 
nels must be provided to minimize the possibility of mutual inter- 
ference. 
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153. Tactical Conditions 


In addition to the technical considerations that make the selec- 
tion and control of radio channels necessary, tactical conditions 
may also require the use of controls. For these reasons a schedule 
of operating frequencies is given to each station. Alternate fre- 
quencies are often made available to be used when the original 
frequency is unreadable because of natural interference or enemy 
jamming. For security reasons it is sometimes necessary to assign 
a new frequency every day. 


Section ІІ. ASSIGNMENT OF RADIO FREQUENCIES 


154. General Procedure 


To reduce the amount of confusion that comes from a lack of 
strict frequency control, the army signal officer exercises con- 
trol of all frequency assignments in the theater. He assigns a spe- 
сібе frequency channel to each net under his direct control. Each 
major subordinate army headquarters then is allotted a group, 
or list, of frequencies from which specific assignments to radio 
nets under direct control of the subordinate unit may be made. 
This process of allotting lists of frequencies continues down 
through corps headquarters to division headquarters. In general, 
the division signal officer (DSO) assigns specific frequencies to 
many of the subordinate units within the division. However, the 
DSO may suballot lists of FM channels to each infantry battalion 
which, in turn, may assign a number of channels to be used 
within each company. Since the distance range of combat radio 
sets is relatively short, duplicate frequencies can often be as- 
signed to companies separated by a distance greater than one 
mile. When these assignments are completed, each radio net in 
the theater of operations is assigned an operating frequency. 
Radio frequency assignments are published in the SOI of the 
assigning headquarters. 


155. Basic Considerations 


а. An ideal frequency assignment is one that permits each net 
to operate on its assigned frequency without causing interference 
to, or getting interference from, another net. The first step in 
achieving this is to assign different frequencies to all nets operat- 
ing within interference range of each other. This is facilitated 
by the system of allotting selected lists of frequencies to each 
assigning headquarters to keep duplication of assignments to a 
minimum. 
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b. The radio frequencies assigned to the different nets in a 
division must be taken from а list made available by army. These 


lists give authorized frequencies and call signs for use by the 
designated division. 


с. Appropriate frequencies and call signs are assigned, from 
the allotted list, to each radio station and net within the division. 
These assignments are published in the division 501. 


d. When making frequency assignments to specific radio nets, 
consideration is given to the compatible frequency ranges of the 
various radio sets that may be used in the same net. Therefore, 
no frequency outside of this compatible range is assigned to the 
net, even though the frequency is listed as available. 


156. Frequency Band Separations 


The assignment of a different frequency to each net is not all 
that is required to insure interference-free operations. Radio 
signals may оссиру less than 1 КС or as much as several hun- 
dred kilocycles on a receiver tuning dial. For this reason, ade- 
quate separation must be provided between adjacent radio 
frequency assignments. 


а. Type of Emission (CW, Voice, or RATT). In general, the 
separation will be approximately the same for CW and RATT. 
A greater separation is required for voice communications. 

b. Туре of Modulation (AM or FM). Tac 
ment requires a 50-KC band for each channel (older sets require 
100-KC channels), whereas AM equipment requires a 10-KC band 
for each channel. The separation between adjacent FM channels 


must be proportionately greater than the separation between 
adjacent AM channels. 









tical FM radio equip- 


c. Frequency Stability and Accuracy of Transmitter. The cali- 


bration of most field radio transmitters is not accurate, In addi- 
tion, the frequency generated by the oscillator in the transmitter 
often has a tendency to change or drift. To minimize inefficiency 
caused by otf-frequency operation, most field radio stations are 
required to maintain an accuracy of 0.01 percent of the assigned 
frequency, For example, an assignment of 4,000 KC (4,000,000 
cycles), with a tolerance of 0.01 percent, permits the transmitter 
frequency to vary 400 cycles above or below the assigned fre- 
quency. This factor obviously affects the amount of separation 
between adjacent operating channels. 


d. Power Output of Transmitter. The transmission distance 


and the interference capability of a transmitter are directly те- 
lated to its rated power output. A high-powered transmitter can 


AGO 5093B 125 


block local radio receivers completely if a sufficient separation 
in operating frequencies is not provided. For this reason, the use 
of minimum power output consistent with satisfactory commu- 
nication is often stipulated in the SOP. 


с. Distance Separation Between Different Nets. A radio signal, 
when received at a distant station, may occupy only a few kilo- 
cycles on the receiver dial. When received on a nearby receiver, 
the same signal will normally occupy a much broader band of 
frequencies. Since adjacent channel interference occurs more 
readily when stations are located close together, a relatively large 
separation must be provided between operating frequencies as- 
signed to different net stations located at the same command 
post. 


157. General Guide for Initial Frequency Assignments 


a, The various factors outlined in the preceding paragraph in- 
dicate that the amount of separation between operating fre- 
quencies can vary. To conserve the usable frequency spectrum it 
is important to use minimum separations. Satisfactory radio f re- 
quency assignments can be made by referring to the Short Dis- 
tance Ground and Sky-Wave Prediction Charts, which аге 
published every 3 months. 


b. Initial frequency assignments may prove to be unsatisfaetory 
and adjustments may be required. For example, changes in pre- 
liminary planning may be required when frequencies used by the 
enemy, friendly governments, or commercial agencies cause inter- 
ference in communication systems. Then, too, interference may be 
caused by harmonic frequencies of these sources, as well as those 
of our own transmitters. Harmonics are the frequencies that are 
multiples of the assigned, or fundamental frequency. For example, 
an assigned frequency of 4,000 KC may radiate interf ering har- 
monic signals at 8,000 KC, 12,000 KC, 16,000 KC, ete. These 
multiples of the fundamental frequency are known respectively 
as the second, third, and fourth harmonics. 


с. There may be times also when it is impossible to provide 
radio frequencies that permit all radio nets of a division to op- 
erate free from interference. In such cases it is necessary to 
silence а portion of the nets, giving preference to nets and sta- 
tions with highest priorities. 
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CHAPTER 10 
JAMMING 





Section |. INTRODUCTION 
158. General 


a, Reception of radio signals is often prevented by the inter- 
ference of unwanted signals in the receiver. Such interference 
may be intentional (from unfriendly sources) or unintentional 


(from friendly sources). Intentional interference is called jam- 
ming, 


b. Radio jamming is the transmission of radio waves to obscure 
or obliterate information normally received by radio receiving 
equipment. Jamming is used to disrupt radio communication, and 
to surprise, confuse, and mislead radio operators. 


с. All radio frequencies are vulnerable to jamming, and the 
enemy will jam radio reception whenever it is advantageous. To 
accomplish this, he will select the frequency to be jammed, tune 
a transmitter to that frequency, and transmit a strong signal 
to prevent reception of the desired signal. 


159. Basic Types of Radio Jamming 


There are two basic types of radio jamming—spot jamming 
and barrage jamming. 


а. Spot Jamming, This is the transmission of a narrow-band 
signal to interfere with a specific frequency or channel. 


b. Barrage Jamming. This is the transmission of a wide-band 
signal to interfere with as many channels as possible. Barrage 
jamming can also be produced by operating several narrow- 


band transmitters simultaneously on adjacent frequencies от 
channels. 


160. Distinction Between Interfering Signals 
There are two sources of interfering signals—external and 
internal. If the disturbance heard in the receiver can be elim- 
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inated or substantially reduced by grounding or disconnecting the 
receiver antenna, it can be assumed that the trouble is being 
caused by some external source. If the disturbance remains un- 
changed when the antenna is disconnected or grounded, the dis- 
turbance is caused by the receiver. This is an indication that the 
set is not functioning properly. If interference is caused by some 
external source, a further check must be made to determine 
whether the cause is enemy jamming or accidental interference. 


161. Distinction Between Jamming and 
Accidental Interference 


а. Unintentional interference from friendly radio and radar 
stations is called accidental interference. This interference can 
occur when the harmonics of a transmitted radio wave interfere 
with other radio frequencies. 


b. Spot jamming may be distinguished from accidental inter- 
ference by tuning the receiver a few kilocycles above or below 
the normal operating frequency. If the intensity of the interfer- 
ing signal drops sharply as the receiver is tuned away from the 
operating frequency, it can be assumed that the interfering sig- 
nal is a result of spot jamming. 


с. It is difficult to distinguish barrage jamming from accidental 
interference, since both types of disturbance may extend over all 
or most of the receiver's tuning range. Accidental interference, 
however, usually travels only a short distance from its source, 
and a search of the immediate area may reveal that the cause of 

he disturbance is an electric fan, a razor, or a similar electrical 
паб The use of a small portable receiver in the station area 
often can be of aid in making this identification. If the received 
signal shows noticeable variations in signal strength as the re- 
ceiver is moved around the station area, the disturbance is prob- 
ably accidental interference of local origin; conversely, little or 
no variation in signal strength indicates that the interfering 
signal may be enemy jamming. Accidental interference should be 
reported immediately and eliminated. 


4. Accidental interference may also be caused by receiver 
blocking, modulation splatter (over modulation of an AM trans- 
mitter), clicks, and spurious radiations generated by a nearby 
friendly transmitter. These types of interference should be re- 
ported by the radio operator to his supervisor, so that immediate 
corrective action can be taken. 


e. The existence of unidentifiable interfering signals should be 
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reperted to higher headquarters immediately. This reporting pro- 
cedure often enables the headquarters to determine whether or 
not unfriendly jamming is present. The headquarters can make 
this determination by correlating reports from several units op- 


erating on various frequencies within a particular portion of 
the spectrum. 


162. Identification of Jamming Signals 


Systematic identification of signal characteristics of a jamming 
signal followed by the proper antijamming procedure saves 
time, It can be assumed that an unfriendly force is constantly 
striving to perfect and use new and more confusing forms of 
jamming signals, The operator must expect combinations of the 
basie types of modulation, totally new types, and a variety of 
voice signals, such as singing, music, and laughter, These voice 


signals provide effective jamming signals and often have strong 
psychological effects. 


а. It is quite difficult for a radio operator to distinguish jam- 
ming from other types of interference. Therefore, he should be- 
come familiar with the characteristic sounds of jamming signals 
during his training period. 


b. Jamming signals are classified as continuous-wave signals 
and modulated signals. 


163. CW Jamming Signals 


а. Random Keyed CW. This signal is an unmodulated carrier 


keyed at random, It is used primarily to jam radio teletypewriter 
and radio-facsimile circuits, but it may be used to jam CW 
circuits. | 

b. Keyed CW. Signals of this type are similar to those of the 
random keyed CW. In keyed CW, however, actual Morse code 
characters are transmitted at the same rate, or slightly faster, 


than the signal being jammed. It is used against radiotelegraph 
circuits. 


164. Modulated Jamming Signals 


а. Spark. The spark jamming signal is one of the simplest, 
most effective, and most easily produced of all jamming signals. 
To the operator, this type of jamming signal appears to be a 
burst of noise of short duration and high intensity. It is repeated 
at a rapid rate and is much louder than the desired signal. The 
time required for the receiver, the earphones, and the human ear 
to recover after each jamming signal makes these signals, al- 
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though of short duration, effective against all types of radio com- 
munication, In addition, the spark signal has a broad-band 
characteristic that enables one jammer to cover a number of 
communication channels. 


b. Sweep-Through. In this jamming technique, a carrier signal 
is swept or moved back and forth across a frequency band at a 
rapid rate. The sweep-through jamming signal, which is effective 
over a broad range of frequencies, produces a sound that is simi- 
lar to that of a conventional aircraft engine. When used with 
a high-speed sweep, the signal is effective against all types of 
voice-modulated transmissions, With a low-speed sweep, it is ef- 
fective against automatic radio teletypewriter and radiotelegraph 
transmissions. 


c. Stepped Tones. This signal, which is more commonly called 
bagpipes because of the sound of the signal, consists of a number 
of separate audio tones (usually three or five), These tones are 
transmitted in increasing pitch and then in decrensing pitch. 
When repeated over and over again, they produce an audible 
effect that resembles the sound of Scottish bagpipes. Needless 
to say, these tones have a demoralizing effect on radio operators. 
This type of jamming signal is usually used against single- 
channel voice circuits that are either amplitude- or frequency- 
modulated. 


d. Random Noise. This signal produces a synthetic radio noise— 
noise that is random both in amplitude and frequency. Since it 
has no periodically recurring frequency, it cannot be eleminated 
without also removing the desired signal. Random noise is con- 
sidered to be one of the better and more dangerous types of 
modulation jamming, because the operator may mistake it for 
receiver or atmospheric noise and fail to take antijamming action. 
Noise jamming is effective against all types of radio communica- 
tions, 


c. Random Keyed Modulated CW. This jamming signal is pro- 
duced by keying a CW signal at random and modulating this 
keyed signal with spark noise. This type jamming is particularly 
effective against voice channels. 


f. Rotary. The rotary jamming signal is produced by a low- 
pitched, slowly varying audio frequency. This signal, which 
sounds like grunting, is used to jam voice-modulated circuits, 


g. Gulls. The gull jamming signal is generated by a quick rise 
and slow fall of a variable audio frequency. The sound produced 
is similar to the cry of a sea gull. This jamming signal produces 
only a nuisance effect on voice-modulated circuits. 


130 AGO 5093B 


h. Pulse. The pulse jamming signal resembles the monotonous 
rumble of high-speed rotating machinery. It produces a nuisance 
effect on voice-modulated circuits. 


i. Tone. The tone jamming signal is a single frequency of un- 
varying tone that has only a limited effect on radio communica- 
tions. It is used primarily to jam manually keyed CW and voice- 
modulated circuits, but it may also be used to jam radio carrier 
circuits. 


7. Wobbler, The wobbler jamming signal is a single frequency 
modulated by a low and slowly varying tone. The result is a 


howling sound that produces a nuisance effect against voice- 
modulated radio circuits. 


Section ІІ. PREVENTIVE MEASURES AGAINST JAMMING 


165. Precautionary Measures 


If it is determined that there is a need to set up precautionary 
Measures against jamming, preliminary action can be taken in 
engineering the circuits and nets, in training radio operators, and 
in determining the source of the jamming. 

а. Circuit or Net Engineering. To combat jamming, it is neces- 
sary бо-- 

(1) Provide circuits with a stronger received signal than 
normally would be required. 

(2) Reduce the length of some circuits. Extra-long circuits 
are not dependable. 

(3) Provide alternating routing or alternate channels of 
radio communication, 

(4) Arrange nets so that satellite stations can communicate 
With each other, as well as with the control station. 

(5) Insure that all radio equipment will be maintained in 
good condition and will be well-aligned. 

(6) Provide high-powered standby transmitters, or RF 
amplifiers, to overcome jamming signals. 


b. Training. All operators should be trained in reception 
through jamming, as well as in the recognition of jamming. In 
addition, they should be directed to refer to the equipment manual 
of the radio equipment being used for antijamming procedures. 


с. Source Location, If a direction-finding organization is avail- 
able, it can be used to locate the jamming source. Then, action 
can be taken to eliminate the jamming problem. If sky-wave 
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jamming is involved, high-angle direction-finding equipment is 
required. 


166. Remedial Measures 


а. Practice. Radio operators should practice reception through 
jamming. Well-trained personnel can often read the desired sig- 
nal through the jamming signal. 


b. Recognition. Immediate recognition of intentional jamming 
is of prime importance. Prompt reporting of jamming to the di- 
rection-finding organization for location of the source and co- 
ordinated action against the source may discourage future jam- 
ming. 


c. Receiver Alignment. Properly aligned radio receivers are 
often capable of separating the desired signal from the jamming 
signal. Maintenance personnel should refer to the equipment 
manual of the specific radio receiver in use and then realign the 
set for the greatest selectivity and the narrowest band pass pos- 
sible. 


d. Antenna Directivity. Discrimination between a desired sig- 
nal and a jamming signal may be effected by changing the loca- 
tion or the directivity of an antenna (if the antenna is movable). 


e. Additional Power. More transmitter power may increase the 
signal strength at the receiver to the point where the desired 
signal overrides the jamming signal. If the circuit being jammed 
is an AM voice circuit, overmodulation of the transmitter may 
wovide additional intelligibility through a narrow jamming sig- 
ial, thereby making the circuit operable. If the transmitting op- 
rator then speaks slowly and distinctly, the receiving operator 
may be able to copy the message. 


f. Change to CW. If CW operators are available, CW may be 
substituted for voice or radio teletypewriter transmission. Trans- 
mission of CW at slow speed increases the intelligibility through 
jamming. 


g. Service Modification. In multichannel systems, different 
channels may be tried, and the audio transmitting gain on each 
channel may be slightly increased. If none of the channels are 
satisfactory, fewer total channels may be used, thereby raising 
the relative audio power of each individual channel. 


h. Relay. Messages may be relayed over alternate routes. 


i, Frequency Change. The use of a different frequency may pro- 
vide a usable desired signal. 
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Section Ш. OPERATIONS DURING JAMMING 
167. General 


It is imperative that radio operators continue to operate their 
radio sets during enemy jamming attacks. Although not all anti- 
jamming measures are the sole responsibility of the radio op- 
erator, he is directly responsible for continued operation. 


а. The ability of a radio operator to work effectively through 
jamming depends upon his ability and skill A skillful radio 
operator can lenrn to read a desired signal through all but the 
most severe cases of jamming. To become skillful, he must prac- 
tice the receptoin of signals through all forms of jamming. 


b. Different types of jamming require different antijamming 
techniques. Techniques have been developed to combat the effects 
of almost all types of jamming. 


168. Station Procedures 


a. The siting and orientation of an antenna are important 
factors in reducing the effects of jamming. In VHF and UHF 
systems, for example, the antenna should be so located that hills, 
buildings, or other obstructions lie between the antenna and the 
enemy jamming station. 


b. In many instances, the use of a directional antenna will re- 
duce the effects of enemy jamming. 


с. The radio station must operate at maximum efficiency to 
effectively combat enemy jamming. Malfunctions of equipment 
must be corrected promptly. 


4. Radio operators should be directed to transmit only when 
absolutely necessary, because radio transmissions are easily inter- 
cepted by the enemy. The less the enemy knows about our radio 
Station, the less effective will be his jamming efforts. 


е. A dummy antenna (para 66) should be usde during trans- 


mitter tuneups to reduce the possibility of enemy interception of 
our radio transmissions. 


f. Initially, radio transmitters should be operated with the least 
amount of radiated power necessary for satisfactory communica- 
tion. Later, it may be necessary to increase the power to over- 
ride an enemy jamming signal. 


g. Radio operators should be trained to transmit clear, crisp 
code characters. This will aid the receiving operators to read 
the desired signal through an enemy jamming signal. 
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169. Transmission Speed 


A reduction in the speed of CW and voice transmissions will 
be helpful to the receiving operator during an enemy jamming 
attack. However, operators should not reduce speed immediately, 
since such a reduction might indicate to the enemy that jamming 
is effective, Deceiving the enemy as to the effectiveness of his 
jamming will sometimes discourage him from further jamming 
efforts. 


170. Keeping Equipment in Operation 


Radio stations must continue to operate even though their 
circuits are blanketed by jamming signals. A shutdown would 
indicate to the enemy that his jamming efforts have been success- 
ful. If the jammed stations continue operation, antijamming 
action can be taken while the enemy is busy jamming. Thus, 
other friendly stations, operating on different frequencies, will be 
protected from possible jamming action. 


171. Receiver Control Techniques 


Receiver controls can be used to reduce the effectiveness of 
enemy jamming. Thus, practice in the use of receiver controls, 
under simulated jamming conditions, will develop the operator 
skills required to improve reception during actual jamming 
attacks, 

а. Tuning, The operator should carefully tune the radio re- 
ceiver to the incoming signal, rather than to a dial marking. 

b. Gain Control. The effects of spark, sweep-through, and fre- 
quency-modulated jamming can be reduced by skillful use of the 
gain control, Frequency-modulated jamming signals may be ef- 
fectively reduced in an amplitude-modulated receiver by increas- 
ing the gain control above normal. The effects of noise, bagpipes, 
or other slowly varying tone jamming signals may be reduced by 
adjusting the gain control below normal. 

с. Beat-Frequency Oscillator. In CW operation, the beat- 
frequency oscillator (BFO) control can be adjusted to reduce the 
effects of CW jamming signals that are slightly above or below 
the operating frequency. By varying the BFO control, the tones 
of the desired signal and the jamming signal are varied so that 
the desired signal may be distinguished from the jamming signal. 


d. Crystal Filter, Some radio receivers have an adjustable 
crystal filter (or other type of filter) that may be used to reduce the 
effectiveness of a jamming signal. This control is effective in re- 
ducing jamming signals slightly above or below the frequency 
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of the desired signal. By varying the filter control, it may be 
possible to reduce the effect of, or even eliminate, the jamming 
signal. 


Section IV. REPORTING JAMMING 


172. Importance of Reports 


Prompt, accurate, and complete reporting of enemy jamming 
is important, since an enemy jamming attack is usually part of a 
well-organized plan and frequently precedes important tactical 
maneuvers. The reports from the individual radio operators, 
which frequently provide intelligence on the extent and im- 
portance of enemy action, are normally correlated at division 
or corps headquarters by electronie warfare personnel, Properly 
correlated jamming information may serve as a warning of im- 
pending enemy action in a sector or on a broad front, 


173. Initial Report 


The radio operator must report jamming immediately to his 
communication supervisor. Any attempted or successful enemy 
deception should also be reported. The communication supervisor, 
in turn, will send the report to higher headquarters for action. 
Jamming information should be recorded on the Operator's Log 
(DA Form 11-53) to facilitate reporting. Information on jam- 
ming should be reported in the following order: 


a. Frequency or channel being jammed, including the width 
of the jamming signal, if known. 


b. Type of jamming signal. 
с. Time and duration of Jamming, including any repetition. 


4. Signal strength of jamming signal and effect on radio com- 
munications. (Signal strength of jamming is reported as strong, 
medium or weak.) 


е. Unit, name, and rank of operator making the report. 


174. Detailed Report 


A detailed report of the jamming is prepared by the officer 
in charge of the radio station as soon as practical after the jam- 
ming starts. The officer in charge of the radio station forwards 
this report to his commanding officer, who then forwards the re- 
port through channels as required by local instructions, 
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Section V. JAMMING CHECKLISTS 


175. Commanders and Staff 
Each unit commander and his staff should— 


a. Reduce the use of radio messages to an absolute minimum. 


b. Preplan all operations, if possible, and use brevity codes to 
effect plans and directives. 


c. Keep messages as short as possible. 

d. Stress radio discipline and security. 

с. Destroy enemy jamming stations, when possible. 

f. Always inform the next higher headquarters of enemy 
jamming. 
176. Signal and Communications Officers 

Each signal or communication officer should— 

a. Use the radio only when necessary. 


b. Train radio operators to readjust equipment and continue 
copying through jamming. 


с. Enforce radio discipline and security to the maximum. 
а. Require authentication of all transmissions. 
с. Site radio stations and antennas to evade enemy jamming. 


f. Always include alternate call signs and frequencies in the 
SOI, and include prearranged plans for their use. 


g. Always report enemy jamming to the commanding officer 
and his staff. 


177. Radio Operators 
Each radio operator should— 


a, Learn to recognize enemy jamming and report details to the 
officer in charge of the radio station. 


b. Learn to readjust the set to minimize the effects of enemy 
jamming. 


c. Operate with minimum power until jammed—then, increase 
the power. 


d. Shift to alternate frequencies and call signs as directed. 
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г. Authenticate all transmissions. 


f. Use a dummy antenna, when one is provided, to tune the 
transmitter. 


д. KEEP OFF THE AIR as much as possible. Transmit only 
when absolutely necessary. ў 


h. Observe radio discipline at all times. 
і. Keep transmissions as short as possible. 


j. Keep calm, keep trying, and keep operating when the cir- 
cuit is jammed. 


AGO 2093B 


137 


CHAPTER 11 
MAINTENANCE OPERATIONS 





Section 1. INTRODUCTION 
178. General 


а. Maintenance operations are assigned to specific levels of 
command in accordance with the primary mission, characteris- 
tics, and mobility of the level involved, and the economical dis- 
tribution of resources. 


b. Repair parts allowances and initial guide quantities are 
selected and allocated to organization, direct support, general sup- 
port, and depot maintenance organizations in accordance with the 
provisions cf AR 700-18, The supply of repair parts below Army 
field depot installation level will be accomplished by maintenance 
support organizations, 


179, Categories of Maintenance 


There are four broad categories of maintenance (fig. 59) that 
have been defined by the Department of Defense f or ali services, 
They facilitate the assignment of maintenance missions and re- 
sponsibilities within the Department of Defense. 


а. Organizational Maintenance. Organizational maintenance 
is that maintenance normally authorized for, performed by, and 
the responsibility of a using organization on equipment in its 
possession, This maintenance consists of functions and repairs 
Within the capabilities of authorized personnel and is performed 
using organizational tools and test equipment. Maintenance ex- 
ceeding the authorized scope of maintenance may be performed 
when authorized by the next higher maintenance support com- 
manders. 


b. Direct Support Maintenance. Direct support maintenance 
is that maintenance normally authorized and performed by mo- 
bile repair teams from designated maintenance activities in direct 
support of using organizations. This category of maintenance is 
limited to the repair of end items or unserviceable assemblies in 
support of using organizations on a return-to-user basis. 
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CATEGORIES OF MAINTENANCE 
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Figure 59. Categories of maintenance. 

ос General Support Maintenance. General support maintenance 
is that maintenance authorized and performed in semifixed or 
permanent shops by designated organizations in support of the 
Army supply system. Normally, general support maintenance 
organizations will repair or overhaul materiel to required main- 
tenance standards in a ready-to-issue condition based upon ap- 
plicable supported Army area supply requirements. 





4. Depot Maintenance. Depot maintenance activities, through 
overhaul of economically repairable materiel, augment the pro- 
curement program in satisfying overall Army requirements and, 
when required, provide for repair of materiel beyond the capa- 
bility of general support maintenance organizations. 
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Section Il. PREVENTIVE MAINTENANCE 
180. General 


Preventive maintenance is the systematic care, inspection, and 
servicing of equipment to maintain it in serviceable condition and 
prevent breakdowns, It is accomplished by equipment operators 
and organizational maintenance personnel. 


a. Radio operators, who are highly trained in operating tech- 
niques, perform only those simple routine maintenance operations 
that can be performed by men with a limited technical back- 
ground. Each appropriate technical manual covers these pre- 
ventive maintenance measures in an operational checklist, 


b. Organizational maintenance personnel provide maintenance 
backup support to the operator, and are responsible for organi- 
zational maintenance that requires limited technical training. 
Each appropriate technical manual contains equipment per- 
formance checklists and other organizational maintenance in- 
formation. 


181. Responsibility 


Commanders are responsible for insuring that personnel under 
their command comply with procedures and instructions dealing 
with preventive maintenance and that they fill out the required 
maintenance records as provided by TM 38-750. 


182. Preventive Maintenance Services 


а. Daily Service, Preventive maintenance services are per- 
formed by the radio operator each day the equipment is operated. 
The equipment is inspected and serviced in accordance with pro- 
cedures outlined in the applicable equipment technical manual. 
Deficiencies and shortcomings that are not corrected by the op- 
erator, or that are corrected by replacement of parts, are re- 
corded on an appropriate maintenance form (TM 38-750). 


b. Periodic Services. These inspections and services, prescribed 
by appropriate technieal manuals, are performed by organiza- 
tional maintenance personnel. At the time of service, organiza- 
tional maintenance personnel, assisted by the operator, 
systematically inspect and service the equipment. All deficiencies 
and shortcomings, as well as the corrective action taken for each, 
are recorded on an appropriate maintenance form (TM 38-750). 
If repurs by a higher category of maintenance are required, an 
appropriate maintenance form will be prepared and forwarded 
with the equipment to the supporting maintenance activity. 
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183. Electric Shock Hazards and Safety Precautions 


a. General. High voltages may be required in the operation of 
radio sets. Therefore, radio operators and maintenance personnel 
should first become familiar with the equipment manual before 
operating the equipment. 


Warning: DEATH ON CONTACT may result if operating and 
maintenance personnel fail to observe safety precautions. 


b. Precautions, Whenever radio sets use high voltages, the radio 
operator should observe the following operation and maintenance 
precautions: 

(1) Be careful not to contact high-voltage or power con- 
nections. 

(2) Avoid contact with transmission lines and antennas 
that have radio frequency volts 





(3) When working inside radio sets, be sure that the power 
source 15 disconnected and that high-voltage capacitors 
are discharged, 

(4) Check the equipment manual for a list of components 
that contain high voltages. 


Section Ш. OPERATOR MAINTENANCE 


184. Maintenance Training 

Maintenance of radio equipment and accessories is of sufficient 
importance to warrant training of all operators in certain mini- 
and shortcomings that they are not authorized to correct. This 
training must be conducted simultaneous! h training in op- 
erating procedures and must be covered thoroughly. The mainte- 
nance procedures authorized to be performed by operators should 
be taught as part of the operating procedures. 


mum maintenance procedures and in the reporting of deficiencies 






185. Elements of Operator Maintenance 


The elements of operator maintenance сал be broken down as 
follows: 


а. Maintenance before operation (physical condition checks). 


b. Maintenance during operation (constant check of the per- 
formance of the set and observation of unusual performance). 


с. Maintenance after operation (inspection and performance 
checks to be sure that the set will be ready to operate when 
needed). 
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186. Maintenance Before Operation 


Before operating any radio set, the operator should— 
a. Check all cables and connectors. 


(1) 
(2) 


(3) 
(4) 


Be sure that all connectors are in good condition and 
tightly connected to the proper receptacles. 

Be sure that all cables are in good condition, clean, dry, 
and placed where they will not be damaged during nor- 
mal operation. 

Wipe off any grease, oil, moisture, or other foreign mat- 
ter from cables and connectors. 

Be sure that cables are not stretched taut, have no kinks 
or tight bends (especially near the connectors), are not 
pulled tight against sharp edges or corners of equip- 
ment cases, are not under pressure caused by items 
placed upon them or leaned against them, not subjected 
to excessive heat or direct sunlight. 


$. Check all controls, switches, and knobs. 


(1) 


Be sure that all switches and controls move through 
their required motion without application of excessive 
force, 

Be sure that knobs are securely attached to the shafts of 
switches and controls. 

Be sure that indexed knobs are oriented on their shafts 
so that they indicate the proper setting at each position. 
Be sure that all switches and controls stop s: their 
limits, unless they are intended to rotate continuously. 
Replace missing knobs (when a replacement is available) 
or obtain replacements. 

Be sure that all push-button switches engage when 
pressed, disengage promptly when released, and lock 
if they are intended to lock. 

Be sure that all equipment markings or labels are clearly 
legible. 

Remove grease, oil, moisture, and other foreign matter 
from the controls and the area around the controls. Pay 
special attention to the recesses of push-button switches. 


с. Check all meters, indicators, and limits. 
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(1) 


Inspect all meters to insure that the indicating needles 
are intact and straight, and that the needles move as 
they should. Check the movement of the needle when 
the set is turned on or when changes during operation 
affect the indication of the meter. 
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(2) Check the glass covers of all meters and indicaters to 
insure that they are not cracked or loose. 

(3) Check the jewels of pilot lights and illumination lights 
to insure that they are not cracked or loose. 

(4) Check for condensed moisture on the inside of glass 
meter covers and light jewels. This is an indication of 
inadequate sealing of the equipment, inadequate ventila- 
tion, or both. 

(5) Be sure that glass meter covers are not discolored. Wipe 
off any grease, oil, moisture, or other foreign matter 
that may have accumulated on the outer surface of the 
glass, Check the equipment manual for cleaning pro- 
cedures, 

(6) Be sure that meter faces are not discolored or mildewed. 

(7) Be sure that all meters are zeroed before power is ap- 
plied to the equipment. 

(8) Be sure that all meter control and selector switches are 
in their specified positions before turning on power, 

(9) Be sure that all mounting screws for meters and indi- 
cators are in place and tightened (if accessible from 
the exterior of the cabinet). 


4. Check cases, covers, straps, and fasteners. 
(1) Check the case and the cover of the set to insure that 
all latches, catches, handles, and attached straps and 
fasteners are in good condition and in place. 


(2) Check the outside of metal cases and covers for dents, 
punctures, sharp edges, scratches, and missing or peel- 
ing paint. 

(5) Check canvas or plastic covers or equipment bags for 
tears, mildew, dirt, grease, or moisture, 

(4) Check all mounting screws, panel serews, shock mounts, 
and ground straps to insure that they are in place, tight, 
and in good condition, 

(5) While the set is warming up, check the ventilation equip- 
ment for trouble-free operation and the free flow of air 
in the ducts. Insure that no foreign objects are placed 
where they can interfere with the ventilation of the 
equipment, If there is any indication that the ventilation 
of the set is not adequate, turn off the power until the 
cause of the trouble is determined and corrected. 


(6) Inspect all accessories for completeness and cleanliness. 
(а) Be sure that all headsets, handsets, microphones, 
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speakers, and keys are in serviceable condition, free 
from dirt, moisture, and other foreign materials. 
(b) Be sure that cords and connectors are ready for use, 
free from breaks, corrosion, damaged insulation, 
kinks, and knots. 
(c) Be sure that all accessories that are not to be used 
are stored, but available when needed. 


e. Record on an appropriate maintenance form all deficiencies 
and shortcomings observed during inspections. Since the operator 
is directed to inspect a number of items for conditions that he is 
not authorized to correct, he must record these deficiencies and 
shortcomings on the appropriate maintenance form for action by 
authorized maintenance personnel. The operator should take im- 
mediate action to insure that the set will receive the maintenance 
or repair needed to keep it in operation. 


187. Maintenance During Operation 


Each radio operator must be trained to observe closely the op- 
eration of his equipment. He should pay particular attention to 
peculiarities in the operation of the equipment, and should investi- 
gate these peculiarities immediately. During operation of any 
radio set, the operator should— 

а. Use the operational checklist in the appropriate equipment 
manual to check the equipment. Start the checks as soon as the 
Set is warmed up and ready for operation. 


b. Check the performance of the equipment by using specific 
settings of the controls and noting the results. Consult the equip- 
ment manual for specific settings. If the results are not normal, 
investigate to determine the fault or faults. If any fault is such 
that the operator is not authorized to take corrective action, re- 
cord the results on the worksheet and report the condition to 
organizational maintenance personnel, 


с. Check meters (if provided) for proper indications. 

d. Check frequency indicators (if provided) to insure opera- 
tion at the proper frequencies. 

е. Check the modulation meter (if provided) for abnormal 
indicator changes. 

f. Check the ventilation equipment periodically. 


9. Check the set continuously for overheating. If there are 
indications of overheating, re-run the operational checks. If over- 
heating is obvious, shut down the set as soon as possible and 
arrange to have organizational maintenance personnel trouble- 
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shoot the set. This may not apply in a tactical situation, since 
continued use of the set may be sufficiently important to warrant 
the risk of damage to the set. 


һ. Record deficiencies and shortcomings on the appropriate 
maintenance form, and report them to organizational mainte- 
nance personnel to expedite maintenance and repairs. 


188. Maintenance After Operation 


After-operation maintenance should start immediately after 
the circuit is closed, but before the set is turned off. In after- 
operation maintenance, the operator should— 


a, Use the operational checklist in the equipment manual to 
check the set before it is shut down. Record any results that are 
not normal. 


b. Turn off the set апа perform the before-operation checks 
given in paragraph 186. Record deficiencies and shortcomings on 
an appropriate maintenance form. 

с. Insure that all parts are lubricated. 


d, Clean and service all components. 


е. Clean, service, and store all cables, cords, minor components, 
and accessories. 


f. Replace protective covers. 

0. Make disposition of the set (combat readiness, standby 
storage, dead storage, forwarding to higher-category maintenance 
activity, etc.). 

h. Report to organizational maintenance personnel all defi- 
ciencies ¿nd shortcomings found but not corrected. 


Section IV. ORGANIZATIONAL MAINTENANCE 
189. General 


Organizational maintenance must be performed by personnel 
who have received training in the required skills, have demon- 
strated adequate ability in these skills after training, and have 
been properly authorized to perform organizational maintenance. 
It should be noted that operator maintenance and organizational 
maintenance ave merely terms—they do not imply that a trained 
and skilled operator cannot be authorized to perform certain 
organizational maintenance duties. The terms are generally ac- 
cepted indications of the levels of demonstrated ability that are 
required to qualify personnel to perform the duties. The actual 
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scope of organizational maintenance for any given radio set can 
be determined by referring to the equipment manual that covers 
the set. 


190. Visual Inspection 


Before operating a radio set that is not functioning properly, 
organizational maintenance personnel should inspect it visually 
for defects. This generally saves time and may prevent further 
damage to the radio set. The failure of many radio sets can be 
traced to one or more of the following faults: 


а. Improperly connected power cords or cables. 
b. Worn, broken, or disconnected cords or plugs. 
с. Antenna lead-in improperly connected. 


4. Receiver-transmitter interconnecting cable defective or not 
connected. 


г. Defective tubes or crystals. 
f. Loose or broken internal wiring. 


g. Dirty or broken switch contacts. 


191. Equipment Performance Checklist 


Most equipment manuals contain an equipment performance 
checklist to provide a systematic troubleshooting technique. The 
equipment performance checklist is more detailed than the opera- 
tional checklist and more technical in its scope. It is used to 
localize troubles to a chassis or to readily replaceable components. 
The equipment performance checklist is used in conjunction with 
the operational checklist to verify operators’ reports of defi- 
ciencies and shortcomings, and to troubleshoot equipment. A 
typical equipment performance checklist is shown below. 


Equipment Performance Checklist 


Step Action Normal indicatlon Corrective measures 


Install desired antenn 
in antenna mount, 

Connect Н-138/ to 
either AUDIO 
connector. 

Set VOLUME control 

at 5. 
















PREPARATORY 
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Equipment Performance Checklist—Continued. 







Set function switch at 
LITE. 

Set function switch at 

ON. 


Set function switch 
SQUELCH. 


at 


Set up nearby 
AN/PRC-25 
to be good) to 
transmit on 


(known 





a 
channel in 30- to 
52.M€ band and tune 
RT-505 PRC-25 to 
this channel, Obtain 








n long voice test 
signal from nearby 
AN/PRC-25. 

Adjust a nearby 
AN/PRC-25 to 
transmit on channel 
in 53- to 75-MC band 
and tune RT-505 
PRC-25 to this 
channel. Obtain 
voice test signal 
from nearby 
AN PRC-25. 

Adjust nearby 
AN PRC-25 to 
transmit on cha 
listed below. Ө! 
long voice test s 
on each channel. Tun 
RT-505 PRC-25 to 
each channel in 












Н 


ion 


EQUIPMENT PERFORMANCE 








order given below: 
10.00 MC 
$0.05 MC 
оло MC 
$0.20 МС 
30.390 MC 
30.10 MC 
30.50 MC 
30.60 MC 
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| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
ў 
| 
| 
| 
| 
| 





Normal indication 









Corrective measures 









Channel dial 
lights. 

Rushing noise 
is heard in 
H-138 С 


when no 


Replace ВА-398 PRC-25. 

Replace dial lamp. 

Connect H-138 U to 
other AUDIO connector. 

Cheek Н-138 С by 
substitution. 

Replace ВА-356 PRC-25. 

Cheek modules A16, A25, 
A21, and A5. 







signal is 


received, 





Rushing noise | Check module A24. 
is not heard 
in H-1728/U, 

Test signal is | If received test signal is 
heard loud weak, check antenna 
and clear. and antenna connection. 

| Tf received test signal 
cannot be received at 
all, check modules АЗ 
through А5, А? 
through A15, and АМ 
мі А18, 





required. 





val is | Check following modules 
ad) with the RT-505/PRC- 
25 tuned to channels 
which were not 
received; А10, А11, 
A12, Al3, АМ, А15, 
ALT, and A18. 
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Equipment Performance Checklist—Continved. 



















Normal indication Corrective measures 








Test signal is 
heard loud 


Check H-138/U by 
substitution. 


Adjust nearby 
AN/PRC-25 (known 










to be good) to receive} and clear If signal cannot be 
test signals at nearby received at all, check 
transmitted by AN/PRC- modules Al, AG, A7, 









25. AS, A22, and A23, 

Check tube УІ. 

Cheek КІ and КЗ by 
substitution. 

Tune nearby AN 'PRC-25 
to several channels on 
both sides of operating 
channel, If signal is 
received off channel, 
check A19. 

Check modules A23 and 


RT-505/PRC-25. 
Press push-to-talk 
switch of H-138/U 
connected to 
RT-505/PRC-25 and 
send long voice test 
signal. 





Adjust nearby Test signal is 


























AN/PRC-25 (known heard loud A24. 

to be good) to and clear Check K2 by substitu- 
receive test signals at nearby tion. 

transmitted by АХ/РКС- 





EQUIPMENT PERFORMANCE 


RT-505/PRC-25. 25. 
Set function switch of 
nearby AN/PRC-25 
at SQUELCH. Press 
push-to-talk switch 
of H-138/U 
connected to 
RT-505/PRC-25 and 
send long voice test 
signal. 










Higher echelon repair 
required, 


Set function switch at 
OFF. 


Set stops 
operating. 


STOP 


192. Electronic Test Equipment 


Organizational maintenance personnel often are called upon to 
place new equipment into operation, perform routine preventive 
maintenance, or repair complex equipment. In most cases, the 
job cannot be performed without test equipment; in all cases, 
the job can be done more quickly, accurately, and efliciently if 
the test equipment is used properly. Common test equipment 
items include multimeters, signal generators, tube testers, fre- 
quency meters, and oscillators. 
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a. Multimeters. The multimeter is probably the most impcrtant 
single piece of test equipment available to maintenance personnel, 
since it can be used to make voltage, resistance, (and usually 
current) checks. The larger meters, which are normally used in 
higher echelon repair shops, are usually very accurate and fragile. 
The smaller meters are not as accurate as the larger meters but 
are of rugged construction for field use. 


b. Signal Generators, A signal generator is a piece of test equip- 
ment that generates an AC signal that can be tuned through a 
large portion of the spectrum. This generated signal, which may be 
modulated or unmodulated, can he used for alignment of tuned 
circuits, dynamic troubleshooting (signal tracing), sensitivity 
measurements, field-intensity and stage-gain measurements, and 
signal substitution. 


c. Tube Testers, To be of practical use in the field, a tube tester 
must provide a simple and quick appraisal of a tube. Tube testers 
accomplish this by comparing the condition of a specific tube with 
a predetermined standard. 

d. Frequency Meters. Basically, a frequency meter is a tuned 
circuit with a dial that is calibrated directly in kilocycles or mega- 
cycles. The frequency meter is an accurate instrument used for 
frequency measurements and calibration of signal generators and 
receivers. Some types of frequency meters can be used in place of 
a signal generator for signal tracing or other troubleshooting 
procedures. 

с. Oscilloscopes. The oscilloscope is an electronic instrument 
that provides a visual representation of one electrical voltage as 
a function of another on the screen of a cathode-ray tube. The 
main feature of the oscilloscope is its ability to portray graphi- 
cally and instantaneously the fluctuating circuit conditions, Since 
the electron beam has negligible inertia, the cathode-ray tube 
responds to much higher frequeneies than any other electrical 
indicating device. 


193. Illustrations and Diagrams 


Before attempting to troubleshoot a new or unfamiliar piece of 
equipment, organizational maintenance personnel should read all 
procedures and instructions in the organizational maintenance 
portion of the equipment manual. Special attention should be paid 
to the illustrations and diagrams. 


a. Serious damage to equipment can be avoided if maintenance 
personnel are familiar with procedures used to remove a chassis 
from a case, panels from a chassis or a case, or components from 
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а chassis. Illustrations and diagrams in equipment manuals 
identify all parts and components, including mounting screws. 

b. The illustrations and diagrams in an equipment manual in- 
dicate all test points, connectors, controls, and subchassis. 

с. Equipment manuals provide schematic diagrams, partial 
schematic diagrams, and simplified schematic diagrams for use by 
maintenance personnel in making detailed checks of the circuit. 
If these diagrams are in the organizational maintenance portion 
of the manual, they may be used at that category of maintenance. 
If they are authorized for use by a higher category of mainte- 
nance, organizational maintenance personnel should ignore them. 
No maintenance personnel arc authorized to perform the mainte- 
nance duties of higher category maintenanee personnel. 


d. Equipment technical manuals also provide tube base dia- 
grams (for the proper category of maintenance) when a large 
number of electron tubes are used in a circuit. These diagrams 
indicate voltage and resistance readings from each pin to its 
ground, 


194. Troubleshooting Procedure 


Because of the wide variation in types of equipment in the 
field, there are no fixed rules for troubleshooting. The following 
are general procedures that will serve as a useful guide for or- 
ganizational maintenance personnel until they learn, ihrough 
experience, the best and quickest ways to obtain good results in 
troubleshooting. 


a, Study the text, illustrations, and diagrams included in or- 
ganizational maintenance instructions. 

b. Review the operation of test equipments to be used. 

с. Check the set in accordance with the procedures in the op- 
erational checklist. 

d. Check the set in accordance with the procedures in the 
equipment performance checklist. 

с. Perform the corrective measures given in the checklist. 

Ў. Record any deficiencies and shortcomings that cannot be cor- 
rected immediately, 


g. If maintenance of a higher category is required, forward the 
equipment, with maintenance records, to that shop. In some in- 
Stances, direct support maintenance personnel make periodic 
visits to units that require their services. In this case, the rec- 
ords (or appropriate reports) are forwarded and the set is held 
(deadlined) until maintenance personnel arrive in the unit area. 
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If the set is urgently needed, immediate repair or maintenance 
may be requested on an emergency basis. This type of request 
should be avoided, if possible. since frequent requests for emer- 
gency maintenance will interfere with efficient operations at 
higher category maintenance shops. 


195. Analysis for Corrective Action 


Troubles in complicated electronic equipment. such as a radio 
set, are found by first locating the faulty unit in the system and 
then troubleshooting the unit. System troubleshooting requires 
an understanding of the interrelationship of the major compo- 
nents that make up a radio set, If trouble develops in one of the 
major components, the set cannot perform all of the functions for 
which it was designed. In some radios, a single fault may render 
а major component inoperative. Correction of this fault may be 
all that is needed to put the set back in operation. In ether radio 
sets, the initial failure of one part, such as a capacitor, may cause 
failure of many other parts. In this сазе, all affected parts must 
be replaced before the radio set will operate. 











а. To simplify the task of locating troubles, a radio set is sub- 
divided into major components. In many cases, each major com- 
ponent is mounted on a separate chassis. In a representative 
radio system, the following are the major components: 





(1) Transmitter, 

(2) Receiver. 

(3) Antenna system. 
(4) Control unit. 
(5) Power supply. 

b. Each major component may depend, in some respects, on one 
or more of the other components, For example, the receiver will 
not operate if the antenna system or the power supply is faulty. 
Therefore, the fact that a component is not operating does not 
always mean that the trouble is in that component. The trouble 
may be in a unit that furnishes it an input signal or in the cabling 
that connects it to another unit. Thus, it is necessary to analyze 
carefully each situation in order to locate the component at fault. 
If this is not done, much time may be wasted in checking a com- 
ponent that is capable of normal operation. 


с. А careful analysis of trouble also helps to prevent haphazard 
tampering with adjustments that will not improve overall per- 
formance and may possibly turn a minor repair problem into 
а major overhaul job. Maintenance personnel should follow 
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closely the specific methods for system troubleshooting in equip- 
ment manuals. 


4. An analysis of the system should be followed immediately 
by a further analysis of the defective unit to locate the faulty 
part. A troubleshooting chart or a schematic diagram may be used 
to locate parts that might logically cause trouble. 
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CHAPTER 12 
DESTRUCTION OF RADIO EQUIPMENT 





196. General 


In some tactical situations, it becomes impossible to evacuate 
all radio equipment. It is imperative, therefore, to destroy all 
equipment that cannot be evacuated to insure that it will not fall 
into enemy hands. Equipment captured by the enemy may be of 


use to him or may reveal information that was not previously 
known by him. 


197. Destruction Priorities 


а. Instructions for the destruction of equipment in the combat 
zone must be adequate, uniform, and easily followed. 


b. Destruction of equipment must be as complete as time, 
equipment, and personnel will permit. Since the complete destruc- 
tion of equipment will seldom be possible because of the time re- 
quired, priorities must be established to insure that the higher 
classified items are destroyed first, followed by items of a lower 
classification, Unclassified items are destroyed last in the order 
of their importance to the enemy. All essen 












tial component parts 
must be destroyed on all similar sets to prevent the enemy from 
constructing one complete set from several damaged ones. 


198. Destruction Plan 


а. The destruction of equipment that is subject to capture will 
be accomplished only upon orders of the commander, and the 
destruction plan will be uniform throughout the command. 

b. To provide uniformity all personnel must be familiar with 
the destruction plan, including the priority of destruction. In ad- 
dition, they should be trained to use uniform procedures in de- 


stroying equipment, 
199. Methods of Destruction 


The methods of destruction outlined below will prevent the 
enemy from using, salvaging, or identifying a radio set. 
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a. Smash. Use sledges, axes, handaxes, pickaxes, hammers, 
crowbars, heavy tools, or other heavy objects to smash the crys- 
tals, tubes, meters, controls, headsets, dynamotors, microphones, 
storage batteries, relays, switches, resistors, dials, and coils. 


b. Cut. Use axes, handaxes, machetes, or other sharp instru- 
ments to cut cords and wiring, and to rip out wiring from the 
chassis. 


c. Burn. Use gasoline, kerosene, or oil to burn the technical 
manuals (or instruction books), diagrams, cords, wiring, carry- 
ing bags, and capacitors, 


d. Bend. Bend the panels, cases, mast sections, and chassis. 


c. Explode. If explosives are required in destruction work, use 
firearms, grenades, primacord, composition C, or TNT. 


f. Break. Break all operating components, such as loudspeakers, 
headsets, microphones, and keys. 


g. Dispose. Bury or scatter the destroyed parts in slit trenches, 
foxholes, ог other holes; or throw them into streams or lakes. 
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1. Publications 
(С) АСР 119 
АСР 118(D) 
(СМ) АСР 121(C) 
АСР 121(A)-1 
(СМ) АСР 122(B) 
(CM) АСР 124(B) 


(CM) АСР 125(Б) 
(СМ) АСР 126 
АСР 129 А 

АСР 151(A) 

AR 105-31 

AR 320-5 

AR 320-50 

AR 380-5 

AR 750-1 

DA Pam 108-1 


DA Pam 310-1 


DA Pam 310-5 


DA Pam 310-1 


FM 21-5 
FM 21-6 
FM 21-11 
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APPENDIX І 
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Tactical Call Sign Book (U). 

Visual Call Sign Book, 

Communication Instructions General (U). 

Communications Instructions General. 

Communication Instructions Security (U). 

Communication Instructions, Radiotele- 
graph Procedure (U). 

Communication Instructions, Radiotele- 
phone Procedure (Г). 

Communication Instructions, Teletype- 
writer Procedure (Г). 

Communication Instructions Visual Sig- 
naling, Procedure. 

Communication Instructions — Operating 
Signals. 

Message Preparation. 

Dictionary of United States Army Terms. 

Authorized Abbreviations. 

Safeguarding Security Information. 

Concept of Maintenance. 

Index of Army Motion Pictures, Film 
Strips, Slides, and Phono-Recordings. 
Military Publications, Index of Admin- 

istrative Publications. 

Military Publications, Index of Doctrinal, 
Training. and Organizational Publica- 
tions. 

Military Publications, Index of Technical 
Manuals, Technical Bulletins, Supply 
Bulletins, Lubrication Orders and Modi- 
tication Work Orders. 

Military Training. 

Techniques of Military Instruction. 

First Aid for Soldiers. 
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FM 21-30 
FM 24-16 
FM 24-17 
FM 24-20 
TM 11-459 
TM 11-486-6 
TM 11-661 
TM 11-662 
TM 11-665 
TM 11-666 
TM 11-668 
TM 11-681 
TM 11-2651 
TM 11-5020 
TM 38-660-1 
TM 38-750 


TM 38-750-1 


2. Training Films 
TF 11-1342 


ТЕ 11-1632 
ТЕ 11-1831 
ТЕ 11-1976 
ТЕ 11-1995 
ТЕ 11-2069 
ТЕ 11-2091 
ТЕ 11-1425 
ТЕ 11-1776 
ТЕ 11-2487 
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Military Symbols. 

Signal Orders, Records and Reports. 

Tactical Communications Center Opera- 
tion. 

Field-Wire Techniques. 

International Morse Code (Instructions). 

Electrical Communication Systems En- 
gineering Radio. 

Electrical Fundamentals (Direct Cur- 
rent). 

Basic Theory and Application of Electron 
Tubes. 

CW and AM Radio Transmitters and 
Receivers. 

Antennas and Radio Propagation. 

FM Transmitters and Receivers. 

Electrical Fundamentals (Alternating 
Current). 

Antenna Groups AN /GRA-4 and 
AN СКА-12. 

Antenna Equipment RC-292. 

Operation of Transportation Motor Pools 
and Driver Preventive Maintenance of 
Administrative Use Vehicles. 

The Army Equipment Record System and 
Procedures. 

Maintenance Management: Field Com- 
mand Procedures. 


Tuning Transmitters—Part I: Setting 
Frequency. 

The Effects of the Ionosphere on Radio 
Wave Propagation, 

Tuned Circuits. 

Radio Transmission Security. 

Defense Against Radio Jamming. 

Basic Principles of Frequency Modulation, 

Tuning Transmitters—Part П: Amplifier 
and Antenna Tuning. 

Preventive Maintenance Practices for 
Ground Signal Equipment. 

Operation and Maintenance of Communi- 
cation Equipment in Extreme Cold. 

Radio Interference, Part I. 
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TF 11-24 
TF 11-25: 
TF 11-28 


TF 11-2852 


ТЕ 11-2853 


TF 


11-2854 
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Radio Interference, Part ІІ. 

Radiotelephone Procedures, Operation. 

Fundamentals of Radio Troubleshooting, 
Part I (Principal Technique). 

Fundamentals of Radio Troubleshooting, 
Part П. Troubleshooting a Radio Re- 
ceiver. 

Fundamentals of Radio Troubleshooting, 
Part Ш. Troubleshooting а Radio 
Transmitter. 

Fundamentals of Radio Troubleshooting, 
Part IV, Additional Devices and Tech- 
niques. 
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APPENDIX II 
HALF-WAVE ANTENNA LENGTHS 





1. Formula 


The physical length of a half-wave antenna may be calculated 
by using the following formula: 


_ 468 


Be 
where L is in feet and f is in megacycles. This formula does not 
apply to antennas longer than a half wave. 


2. Table of Lengths 


The following table gives the length in feet for half-wave an- 
tennas that are end-fed or center-fed. It is caleulated in steps of 
one megacycle from 1 MC to 76 MC. The formula given in para- 
graph 1 may be used for frequencies that are not whole numbers. 





Half-wave antenna lengths 












Center-fed antenna— 
for each side of insulator 
(ft) 


End-fed 
antenna 
(ft) 






Frequency 
(мс) 






1 8 234 

2 23. 117 

3 156 78 

4 117 58.5 

5 93.6 46.8 

6 78 39 

7 66.8 33.4 

8 58.5 29.2 

9 52 26 
10 46.8 23.4 
11 42.5 21.2 
12 39 19.5 
13 36 18 
14 33.4 16.7 
15 31.2 15.6 
16 29.2 14.6 
17 27.5 87 
18 26 13 
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ОЕ ОНО ЕЩЕ ВУ 
Half-wave antenna lengths 


End-fed Center-fed antenna— 
antenna for each side of insulator 
(ft) 











6... 
х7 
55 sS | 42 
56 E | 4.2 
m | E | 44 
58 | S | 4 
oo | та | 3.9 
вө TS | 2.9 
äl тл | ә. 
52 Ta 8. 
өл 14 8.7 
od 1.3 3.6 
л | 13 3.6 
| 7.0 5 
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Half-wave antenna lengths 


Frequency Епй-Гей Center-fed antenna— 
(MC) ria for each side of insulator 
t) 
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APPENDIX III 
TYPES OF EMISSION 





Symbols are used to indicate the types of emission. These sym- 
bols (chart below) are used by the United States Government 
and Armed Forces and have also been adopted by many foreign 
powers, Damped waves, generally obsolete but occasionally en- 


countered in foreign radio sets, are symbolized as type B emmis- 
sions, 


Туре: of Emission 












Туре of 


modulation 
er emission 


Туге of 
Sransmicaion 





1. Amplitude Absence of any modulation. | 





Telegraphy without the use | Al 
of modulating audio fre- 
quency (on-off keying). 
Telegraphy by the keying A2 
| of a modulating audio fre- 
| quency (ог audio frequen- 
| cies) or by the keying of 
| the modulated emission 
(special case: an unkeyed 
| modulated emission). 
| Telephony 
| 3 
reduced carrier А 3a 
Two independent 
sidedands, reduced 
carrier А ЗЬ 
Facsimile 1----------- А4 
Television “--ч.4-----«-<----«------ А5 
Composite transmissions and A9 
cases not covered by the 
above. 
Composite transmissions Reduced carrier ---] А 9c 
2. Frequency | Absence of any modulation - |.------------------ F0 
(or phase). Telegraphy without the use F1 


of modulating audio fre- 
quency (frequency-shift 
keying). 
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Types of Emission—Continued 


Type of 
modulation 
or emission 


Telegraphy by the keying of 
a modulating audio fre- 
quency (or frequencies) 
or by the keying of the 
modulated emission (spe- 
cial case: ап  unkeyed 
emission modulated Бу 
audio frequency). 


Facsimile .. 

Television 

Composite transmissions and 
cases not covered by the 


above. 
3. Pulsed Absence of any modulation 
emissions. intended to carry infor- 


mation, 

Telegraphy without the use 
of modulating audio fre- 
quency. 

Telegraphy by the keying of |Audio frequency (or 
a modulating audio fre- frequencies) mod- 
quency (or frequencies) ulating the ampli- 
or by the keying of the tude of the pulse. 
modulated pulse (special 
case: an unkeyed modu- 
lated pulse). 

Audio frequency (or 
frequencies) mod- 
ulating the ampli- 
tude of the pulse. 


Telephony Amplitude- 
modulated pulse. 
Width-modulated 
pulse. 
Phase- or position- 
modulated pulse. 
Composite transmissions and |-_----- 
cases not covered by the 
above. 
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APPENDIX IV 
JOINT ELECTRONICS TYPE DESIGNATION SYSTEM 





1. Equipment Indicators 


The type designation for a major equipment consists of an AN, 
a slant bar, eries of three letters, a dash, and a number (fig. 
60). The AN indicates a major equipment; the first letter in the 
series of three letters indicates where it is used (installation) ; 
the second letter indicates what it is (type equipment) ; the third 
letter indicates what it does (purpose); and the number indicates 
the model number of the specific type. For example, AN/MRC-2 
indicates model 2 of a mobile radio communications set. The AN 
indicates that it is a major equipment. 





2. Component Indicators 


The type designation of a component consists of one or two 
letters (see chart below), a dash, and a number. The letter or 
letters indicate the component, and the number indicates the 
model number. For example, RT-196 indicates the 196th mode 
in the tield of radio receivers and transmitters. If the componen 
is part of, or is used with, a major equipment, you will have a 
longer type designation. For example, RT-196 РЕС-6 indicates 
model 196 of a radio receiver and transmitter that is used with, 
or is a part of, model 6 of a portable radio communications set. 








Indicator Meaning tor Meaning 
АВ Supports, Antenna Compensators 
AM Amplifiers Computers 
AS Antenna Assemblies СЕ Crystals 
AT — Antennas CU — Coupling Devices 
BA Battery, Primary Туре СУ Converters 
BB battery, Secondary Type (electronic) 
nz Signal Devices, Audible CW Covers 
с Control Articles СХ Cords 
СА Commutator Assemblies, CY Cases 
Sonar DA Antenna, Dummy 
CBR Capacitor Bank DT Detecting Heads 
CG Cables and Transmission DY  Dynamotors 
Line, RF E Hoist Assembly 
СК Crystal Kits F Filters 
CM Comparators 
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Indicator Meaning 

FN Furniture 

FR Frequency Measuring 
Devices 

G Generators 

GO — Goniometers 

GP Ground Rods 

H Head, Hand, and Chest Sets 

HC Crystal Holder 

HD Air Conditioning Apparatus 

ID  Indicating Devices 

IL  Insulators 

IM Intensity Measuring Devices 

IP Indicators, Cathode 
Ray Tube 

J Junction Devices 

KY Keying Devices 

LC Tools, Line Construction 

LS Loudspeakers 

M Microphones 

MD  Modulators 

ME Meters, Portable 

MK Maintenance Kits or 
Equipments 

ML Meteorological Devices 

MT  Mountings 

MX Miscellaneous 

о Oscillators 

OA Operating Assemblies 

OC Oceanographic Devices 

OS Oscilloscope, Test 

PD Prime Drivers 

PF Fittings, Pole 

PH Photographic Articles 

PP Power Supplies 

PT  Plotting Equipments 

PU Power Equipments 

R Receivers 

RD Recorders and 
Reproducers 

RE Relay Assemblies 
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Indicator 


RF 
RG 


Meaning 


Radio Frequency Component 


Cables and Transmission 
Line Bulk, RF 

Reel Assemblies 

Rope and Twine 

Reflectors 

Receiver and Transmitter 

Shelters 

Switching Devices 

Switchboards 

Signal Generator 

Simulators 

Synchronizers 

Straps 

Transmitters 

Telephone. Apparatus 

Timing Devices 

Transformers 

Positioning Devices 

Telegraph. Apparatus 

Tool Kits or Equipments 

Tools 

Tuning Units 

Test Equipment 

Teletypewriter and 
Facsimile Apparatus 

Tester, Tube 

Connectors, Audio and 
Power 

Connectors, RF 

Vehicles 

Signaling Equipment 
Visual 

Cables, Two Conductor 

Cables, Four Conductor 

Cables, Multiple Conductor 

Cables, Single Conductor 

Cables, Three Conductor 

Impedance Measuring 
Devices 
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APPENDIX V 


TECHNICAL AND TACTICAL CONSIDERATIONS IN 
FIELD RADIO COMMUNICATIONS 





1. General 


There are a number of technical and tactical characteristics of 
radio sets that must be considered in field radio communications. 
Some of these characteristics that determine the use of particular 
sets in military communication are—distance range, frequency 
range, type of emission (voice or continuous-wave), installation 
(man-carried or vehicular), and capability of communication with 
other types of radio sets. 


2. Distance Range 


The transmission range of field radio sets normally is based on 
ground-wave distance. For any given radio set, this distance will 
vary with changes in operating frequency, location of radio sta- 
tion and antenna, type of terrain, method of emission, type of 
antenna, and power output. The operator can increase the ground- 
wave range of the set by using the lower operating frequencies, 
which are not attenuated as rapidly as higher frequencies; by 
changing from voice to continuous-wave operation; or by substi- 
tuting a long-wire antenna for the short-range whip antenna. 

Jecause of the effect of these variables, it is impossible to specify 

n exact distance range for any set. The rated ranges are based 
n average ground conditions for a specific type of operation, such 
as CW versus voice or fixed versus mobile. 


3. Frequency Range 


In some sets, such as the AN/GRC-87 or AN/VRC-34, the 
frequency range of the receiver is exactly the same as the fre- 
quency range of the transmitter. In other sets, such as the 
AN/GRC-19, the frequency ranges of the transmitter and the 
receiver are different. If different type radio sets are to be used 
for intercommunication, their frequency ranges must be con- 
sidered before an operating frequency is assigned. 


166 AGO 50338 


4. Methods of Communication 


Most AM field sets have provisions for transmitting and receiv- 
ing voice or CW signals and some have radio teletypewriter 
(RATT) capability. In addition, some sets are capable of tone 
transmission, known as modulated continuous wave (MCW). 
This method of telegraph transmission sometimes improves the 
readability of signals under certain conditions of noise or inter- 
ference, When MCW is employed, the beat frequency oscillator 
(BFO) circuit used for CW reception is not required. 


а, Radiotelegraph, which includes both CW and MCW, provides 
comparatively slow transmission speeds and, in addition, re- 
quires specially trained operators who achieve proficiency only 
after lengthy training periods. In a CW net, the speed of opera- 
tion is normally no faster than the speed of the slowest operator 
in the net. However, CW will provide greater distance range and 
more reliable communication under adverse conditions than any 
other method of radio communication. 


b. The use of CW has been replaced largely by frequency-shift- 
keyed (FSK) radio teletypewriter (RATT) circuits, These cir- 
cuits are capable of handling a greater number of messages than 
radiotelegraph. 


5. Installation 


Field radio sets can be further classified as portable, vehicula: 
transportable, and mobile. Portable sets are low-powered ant 
operate from dry cells installed within the case of the radio set 
or from hand-driven generators. Vehicular sets usually are of the 
medium-power class and operate from an electromechanical power 
supply which, in turn, is energized by the vehicular battery. For 
example, the AN GRC-87 or AN VRC-34 may use a vibrator 
and the АХ GRC-19 uses an alternator—both powered by the 
vehicular battery. Transportable and mobile radio sets may be 
either medium- or high-powered. These sets usually are powered 
by gasoline engine-driven generators which may be man-carried 
or mounted in a trailer. To permit operation from a protected 


position, remote control equipments are frequently used with 
field radio sets. 


6. Capability of Intercommunication 


а. Generally, communication between different types of radio 
sets is possible only if the sets can transmit over the required 
distance, and if they possess overlapping frequency ranges, use 
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the same method of communication (voice or CW), and use the 
same type of modulation (AM or FM). A low-powered radio set 
with a rated distance range of approximately 1.6 KM cannot be 
used to communicate with a radio set 8 KM away, even though 
both sets are operating on the same frequency with the same type 
of modulation and emission. 


b. Because of technical differences in operation, FM equipment. 
cannot be used to communicate with AM equipment even though 
the distance ranges and operating frequencies may be similar. 


с. If two radio sets use different methods of emission (one set 
uses voice, and the other set uses CW), they may not be able to 
communicate. CW signals are not audible in a receiver that is 
adjusted for voice reception. A separate circuit, the BFO, is pro- 
vided with most communication-type receivers and must be 
switched on for reception of CW. If the receiver is not equipped 
with a BFO circuit, or if the circuit is not turned on or properly 
adjusted, CW reception is impossible unless the transmitter is 
capable of MCW operation. 


4. In summary, several factors affect the ability of radio sets 
to intercommunicate. When a new or unfamiliar radio set is used, 
these factors must be considered by the communication officer in 
шы the set and in determining its limitations and capa- 

ilities, 
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GLOSSARY 





Absorption, Removal of energy from a radiated field by objects 
that retain the energy or conduct it to ground. Loss by absorp- 
tion reduces the strength of a radiated signal. 


Addressee, The activity or individual to whom a message is to be 
delivered. 


Agency of signal communication, A facility that has necessary 
personnel and equipment to provide signal communication. 


Amplification. The process of increasing the electrical strength 
of a signal. 


Сү . ә n Д sis 
Amplifier, A device used to increase signal power. It may cons! t 
of several stages or sections to obtain desired amplification. 
Amplitude modulation (AM). The process of varying the кл 
of radiated power in the RF carrier in accordance with the 

variations of an AF wave. 


| » т \ 
Angle of incidence. The acute angle (smaller angle) at m 
wave of energy strikes an object or penetrates a layer ot th 
atmosphere or ionosphere. 
. E sed 
Antenna. An electrical conductor, or svstem of conductors, use 
to transmit or receive radio waves. 


Audible, Capable of being heard. 


Array (antenna). An arrangement of antenna elements, usually 
dipoles, used to control the direction in which most of the 
antenna’s power is radiated. 

Audio frequency (AF). A form of acoustical energy that can be 
detected as sound by the human ear. The range of audio fre- 
quencies extends from 20 to 20,000 cycles per second. 


TS ; ai om- 
Authentication. A security measure designed to protect a c 
munication system against fraudulent messages. 


Axis of communication, The line or route on which lie the quse 
position and probable future locations of the command ei ч 
a unit during a troop movement. The main route along whic 


messages are relayed or sent to and from combat units in the 
field. 
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Band of frequencies. Range of frequencies between two specified 
limits. 


Bandwidth. A section of the frequency spectrum required to 
transmit the desired information, whether visual, aural, or 
both. 

Beat frequency. A frequency resulting from combining two dif- 
ferent frequencies. It is usually equal to the sum of or the 
difference between the two original frequencies. 


Beat-frequency oscillator (BFO). An oscillator used to generate 
a local signal, which is combined with an incoming unmodu- 
lated CW signal to produce a beat frequeney that is audible. It 
is used for continuous-wave reception, 


Carrier frequency. The frequency of an unmodulated radio wave. 


Carrier wave, The RF component of a transmitted wave upon 
which an audio signal, code signal, or other form of intelligence 
can be impressed. 


Channel, An electrical path over which transmissions can be made 
from one station to another. 


Circuit. A communication link between two or more points, 


Coaxial cable (concentric line). A transmission line consisting of 
two conductors, one inside the other, and separated by insulat- 
ing material. The inner conductor may be a small copper tube 
or wire; the outer conductor may be metallic tubing or braid. 
Radiation loss from this type of line is practically zero. 

Command Post (CP). The headquarters of a unit or subunit 
where the commander and staff perform their functions. In 
combat, this headquarters is often divided into echelons. 


Communications center. A communications agency charged with 
the responsibility for receipt, transmission, and delivery of 
messages. It normally includes a message center, a crypto- 
center, transmitting facilities, and receiving facilities. 


Communication Security, The protection resulting from all meas- 
ures designed to deny to unauthorized persons information of 
value which might be derived from a study of communications. 


Conductivity, The relative ability of a material to allow the flow 
or passage of an electrical current. 


Continuous waves (CW). Radio waves having a constant ampli- 
tude and a constant frequency. 


Counte rpoise, A conductor or system of conductors used as а sub- 
stitute for ground in an antenna system. 
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Coupling. The association of two circuits in such a way that 
energy may be transferred from one to the other. 


Critical frequency. The highest frequency at which a given wave 
at any given time will, if transmitted vertically, be refracted 
to earth Бу a laver of the ionosphere. 


Cross modulation, A type of cross talk in which the carrier fre- 
quency being received is interfered with by an adjacent carrier, 


so that the modulated signals of both are heard at the same 
time. 


Cruptocenfer, An establishment maintained for the encrypting 
and decrypting of messages, 


Crystal, A natural substance, such as quartz or tourmaline, that 


is used to control the frequency of radio transmitters. 


Cycle. One complete positive alternation and one complete negi- 
tive alternation of an alternating current or voltage. 


Date-time group (DTG). The date and time, expressed in digits 
and zone suffix, at which a message is prepared for tri nsmis- 
sion, The DTG is expressed as six digits followed by a zone 
suflix—the first pair of digits denotes the date, the second pair 

the hours, and the third pair the minutes. 


Detection, The process of recovering the audio component (audi- 
ble signal) from a modulated RF carrier wave 


Deviation. A term used in frequency modulation to indicate the 
amount by which the carrier frequency increases or decreases 
when modulated, It is usually expressed in kilocycles. 


Dielectric, An insulator, A term applied to the insulating material 
between the plates of a capacitor. 


Dipole antenna, An antenna having an electrical length equal to 
а half wavelength at the frequency for which it is designed. It 
may be a single conductor, or it may consist of two elements, 
Whose total length is one half wavelength, separated by an 


insulator or an air space at the point of connection to the 
transmitter. 


Discriminator, А circuit that has an output voltage which pipe 
in amplitude and polarity in accordance with the frequency 0 


the applied signal, It is used primarily as a detector in ап FM 
receiver, 


Distortion, The amount by which the output waveform dilfers 


from the input waveform. Distortion may exist in amplitude, 
frequency of phase modulation. 
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Diversity system. A system of radio communication in which a 
single received signal is derived from a combination of, or 
selected from, a plurality of transmission channels or paths. 
The system employed may include space diversity, polarization 
diversity, or frequency diversity. The diversity principle takes 
advantage of the fact that fading characteristics of a given 
signal generally vary widely, at any given instant, at different 
receiving antenna locations, and with different frequencies. 

Double sideband transmission. That method of communication in 
which the frequencies produced by the process of modulation 
are symmetrically spaced, both above and below the carrier 
frequency, and are all transmitted. 


Duplex operation. Duplex (or full duplex) operation refers to 
communication between two points, in both directions simul- 
taneously. 


Electromagnetic field. The field of force that an electric current 
produces around the conductor through which it flows. 


Facsimile. The transmission of still pictures or printed matter 
by means of electrical impulses that are controlled by a photo- 
electric cell and reproduced at the receiver by a mechanical 
device. 


Fading. Variations in the strength of a radio signal at the point 
of reception. 


Frequency. The number of recurrences of a periodic phenomenon 
in a unit of time, In specifying the electrical frequency, the 
unit of time is the second, for example, the frequency is 15,000 
cycles per second. Radio frequencies are normally expressed in 
kilocyeles per second (KCS) at and below 30,000 KCS, and in 
megacycles per second (MCS) above this frequency. 


Frequency distortion. Distortion that occurs as a result of failure 
to amplify or attenuate equally all frequencies present in a 
complex wave. 


Frequency, lowest uscful high (LUF). The lowest high frequency 
effective at a specified time for ionospheric propagation of 
radio waves between two specified points. 


Frequency, maximum usable (MUF). The upper limit of the fre- 
quencies that can be used at a specified time for radio trans- 
mission between two points and involving propagation by 
reflection from the regular ionized layers of the ionosphere. 


Frequency meter. A device that is calibrated to indicate the fre- 
quency of the radio wave to which it is tuned. 
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Frequency modulation (FM). The process of varying the fre- 
quency of an RF carrier wave in accordance with the ampli- 
tude and frequency of an audio signal. 


Fundamental frequency. The lowest frequency of a complex wave. 


Frequency, optimum traffic (FOT). The most effective frequency 
at a specified time for ionospheric propagation of radio waves 
between two specified points (commonly taken as 85 per cent 


of the monthly median value of MUF for the specified time 
and path). 


Ground, A metallic connection with the earth to establish ground 
(or earth) potential. 


Ground ware, A radio wave that is not refracted from the iono- 
sphere, 


Harmonic. An integral multiple of a fundamental frequency. (The 
second harmonic is twice the frequency of the fundamental.) 

Hertz antenna. An antenna system in which the ground is not an 
essential part. Its resonant frequency depends upon its elec- 
trical length, which is approximately half the wave length. 

Heterodyne. The signal produced by the action between two alter- 
nating currents of different frequencies in the same circuit, The 
frequencies alternately add and subtract to produce two beat 
frequencies that are the sum of, and difference between, the 
two original frequencies. 

Image frequency. The carrier frequency of an undesired signal 
that is capable of combining with the frequency of the local 
oscillator in a superheterodyne receiver to produce the inter- 
Mediate frequency of the receiver. The image frequency 15 
either higher or lower than the frequency to which the receiver 
is tuned by an amount equal to twice the intermediate fre- 
quency, 


Impulse, Any force acting over a comparatively short period of 
time, 


Induction. ‘The act or process of producing voltage by the rela- 
tive motion of a magnetic field and a conductor. 


Intensity, The velative strength of electrical, magnetic, or vibra- 
tional energy. 


Interference, Natural or man-made radiation of electrical energy 
that causes ditlieulty in reception of signals. 


Intermediate frequency (IF). The fixed frequency to which the 
principal amplifier of a superheterodyne receiver is tuned. The 
intermediate frequency is produced by beating the received 
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RF against the output of a variable frequency oscillator to pro- 
duce a constant beat frequency. 


Ion. An atom that has lost or gained one or more electrons and 
is therefore positively or negatively charged. 

Ionosphere. Highly ionized layers of atmosphere existing between 
the altitudes of approximately 30 to 250 miles (48 to 102 КМ). 


Jamming. Deliberate interference intended to prevent reception 
of signals in a specific frequency band. 

Keying. The breaking or interrupting of a radio carrier wave 
(either manually or automatically). 

Limiter. The part of an FM receiver that eliminates all variations 
in carrier amplitude, thus removing all noise present in the 
carrier as amplitude modulation. 

Local oscillator. An oscillator that is a part of the receiver and 
is used to generate an RF output which is combined with the 
incoming RF signal to produce an intermediate frequency, 

Loop antenna, An antenna consisting of one or more complete 
turns (loops) of wire. It is designed for directional transmis- 
sion or reception. 

Marconi antenna, An antenna system in which the ground is an 
essential part. 

Means of signal communication. A medium by which a message 
is conveyed from one person or place to another. 

Message. Any thought or idea expressed in brief form or in plain 
or secret language, and prepared in a form suitable for trans- 
mission by any means of communication. 

Micro. A prefix indicating millionths. 

Modulated carrier, An RF carrier, the amplitude or frequency 
of which has been varied in accordance with the intelligence 
to be conveyed. 


Modulation, The process of varying the amplitude or the fre- 
quency of a carrier wave in accordance with other signals to 
convey intelligence. The modulating signal may be an AF sig- 
nal, a video signal (as in television), electrical pulses or tones 
to operate relays, etc. 


Network, A system consisting of а number of designated stations 
connected with one another by any means of communication, 


Originator. The command by whose authority a message is sent, 
The responsibility of the originator includes the responsibility 
for the functions of the drafter and releasing officer. 
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Power. The rate of doing work or the rate of expending energy. 
Unit of electrical measurement is the watt. 


Radiate. To send out energy into space, as in the case of RF 
waves. 


Radio channel, А band of adjacent frequencies having sufficient 
width to permit its use for radio communication. 


Radio frequency (ВЕ). Any frequency of electromagnetic energy 
capable of propagation into space. Radio frequencies are much 
higher than frequencies associated with sound waves. 


Radio-frequeney amplification, The amplification of a radio wave 


by a radio receiver before detection or by a radio transmitter 
before radiation. 


Rear echelon, That part of a headquarters which is principally 
concerned with administrative and logistical matters. 


Reflection. 'The turning back of a radio wave from an object or 
the surface of the earth. 


Refraction. The bending, or change in direction, of a radio wave 
passing into a layer of atmosphere or the ionosphere, This 
effect will turn the wave back to earth if the angle of incidence 
is not too great, 


Relay. А transmission. forwarded through an intermediate sta- 
tion. 


Saturation. The condition that exists in a circuit when the cur- 
rent, voltage, or power has reached maximum and cannot be 
increased by any normal action that controls the circuit. 


Selectivity. The degree to which a receiver is capable of dis- 
criminating between the desired signal and all other signals. 


Sensitivity, The degree of response of a radio circuit to signals 
of the frequency to which it is tuned, 


Sidebands, The additional frequencies, both above and below the 


carrier frequency, produced as a result of modulation of a 
carrier, 


Sideband power, The power contained in the sidebands. It is this 
power to which a receiver responds (not to the carrier power) 
when receiving a modulated wave. 


Single sideband, A system of radio communication in which either 
the upper or lower sideband is removed from AM transmis- 


sion to reduce the channel width and improve the signal-noise 
ratio. 
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Skip distance. The distances on the earth’s surface between the 
points where a radio sky wave is successfully reflected and re- 
fracted between the earth and the ionosphere. 


Skip zone. The space or region within the transmission range 
where signals from a transmitter are not received. 


Static. Any electrical disturbance caused by atmospheric con- 
ditions. 

Tone modulation. A type of transmission obtained by causing the 
RF carrier amplitude to vary at a fixed AF rate. When this 
type of transmission is keyed, it becomes modulated continuous 
wave (MCW). 

Transmission line. Any conductor or system of conductors used 
to carry electrical energy from its source to its load. 


Tuning. The process of adjusting a radio circuit so that it 
resonates at the desired frequency, 

Unidirectional. In one direction only. 

Wavelength. The distance traveled by a wave, normally expressed 
in meters, during the time interval of 1 complete cycle. It is 
equal to the velocity divided by the frequency. 

Wave propagation. The transfer of electromagnetic or acoustical 
energy from one place to another through a suitable trans- 
mission medium. 

Zero beat. The condition where two frequencies are exactly the 
same and therefore produce no beat (audible) note. 
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Antennas: 
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Field expedients 
Functions 
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Grounded 
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Antenna supports, repair 
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Directional 

Emergency 
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Improvised 
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Whip, repair 


Antennas, types: 

Dummy 

General 

Hertz 

Inverted-L 
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Assignment of radio frequeneies 
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Batteries: 
Dry 
Lead storage 
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Direct support 
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Communication security 
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